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I. INTRODUCTION 
A. Objectives 
The major objective of this study was to plan and conduct a re­
gional reconnaissance of groundwater occurrence associated with a 
relatively-large drainage basin. The success of a regional survey was 
largely dependent on methods of investigation that saved both time and 
money, and on whether or not the groundwater basin coincided with the 
drainage basin. 
Once the occurrence of groundwater was determined, other ob­
jectives could be considered. The determination of recharge or dis­
charge to and from potential groundwater aquifers in the study region 
is of prime importance. It can provide information for the definition 
of groundwater flow and ultimately for the estimation of potential 
water supply for consumptive and nonconsumptive uses in the region. 
Evaluation of discharge-recharge relationships will allow more real­
istic figures to be used in the water budget analysis of the basin. 
B. Philosophy of Regional Approach 
It was necessary to establish a sequence of developmental steps in 
order to achieve the objectives of this study. These steps involved the 
collection of data and their transferral onto maps which can be readily 
interpreted. Figure 1 shows three stages of refinement of the data. 
The data were transferred systematically to maps as they were gathered. 
This provided first, second, and final approximation maps as the various 
stages of development in the investigation were completed. The develop-
Figure 1. Developmental stages of investigation 
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mental stages as shown in Figure I are discussed in more detail under 
Part II entitled "Aspects of the Regional Approach." 
The basic basin approach to groundwater studies has been followed 
by others. Freeze and Witherspoon (1966, 1967, 1968) developed a 
"Theoretical Analysis of Regional Ground Water Flow," which takes 
into account the interrelationship between the surface and the uncon-
fined groundwater basins. To'th (1963) evaluated groundwater flow 
for smaller drainage basins. Groundwater and water resources of various 
drainage basins are discussed in several publications published re­
cently by the United States Geological Survey. Among those included 
are the Upper Colorado River Basin (lorns, Hembree, and Oakland, 1965); 
The Delaware Basin (Parker, Hely, Keighton, et al, 1964); the Ipswich 
River Basin in Massachusetts (Sairanel, Baker, and Brackley, 1966); the 
Pascagoula River Basin in Mississippi and Alabama (Newcome, 1967), and 
the Upper Sevier River Basin in Utah (Carpenter, Robinson, and Bjork-
lund, 1967). 
C. Study Area 
The study area is the region which is drained by the Skunk River 
and its tributaries above Ames, Iowa. It includes portions of Story, 
Boone, and Hamilton counties. The region has been defined for this 
study as the Upper Skunk River Basin and includes approximately 800 
square miles. This area is shown on the Data Distribution Map 
(Figure2-A). Ames is the principal city of the basin. The remainder of 
the area is primarily a rural farming community. 
Figure 2-A. Data distribution map 
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The Upper Skunk River Basin is drained by the Skunk River and its 
chief tributary. Squaw Creek. The confluence of these two streams 
occurs just below Ames. Keigley, Long Dick and Bear Creeks are other 
major tributaries of the Skunk River. Squaw and Keigley Creeks flow 
southeast, as do most of the streams in central and eastern Iowa. The 
Skunk River flows in a south and southeasterly direction through the 
northern and central portions of the study area and in a southwesterly 
direction in the southern portion. The upland topography in the region 
is characterized by a gentle rolling landscape named "swell and swale" 
topography by Gwynne (1942). 
D. General Geology 
The study area lies in the central stable interior platform of the 
North American Continent. Paleozoic sediments of approximately 3,000 
feet in thickness overlie the Precambrian basement complex. The 
Paleozoic rocks are mantled by Quaternary sediments forming the 
regolith. 
The regolith in the region consists of the unconsolidated glacial 
deposits of Nebraskan, Kansan, and Wisconsin ages as well as recent 
alluvium. Beyer (1898) initially described the regolith in Story 
County. His description included Wisconsin till, lowan loess, Kansan 
till, and a sequence of sands and gravels beneath the Kansan till des­
ignated as Aftonian in age. Ruhe and Scholtes (1955) identified and 
described two tills near Ames. Radiocarbon dates of 12,000 + 500 
years b.p. have resulted in a tentative classification of the upper till 
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as the Cary substage of the Wisconsin glacial advance. The Gary till 
lies directly on top of a lower till or lenses of sand and gravel 
which have been dated as 14,042 + 1,000 years b.p. 
Zimmerman (1952), Backsen (1963), and Schoell (1967) have shown 
that a meandering channel dissects the bedrock in the vicinity of 
Ames. They further noted a partial coincidence of the bedrock channel 
with the modern channels of the Skunk River and Squaw Creek in the 
Ames area. Schoell (1967) has identified these two bedrock channels 
as the Skunk and Squaw Channels, respectively. These terms were 
adopted in this study. Twenter and Coble (1965) have also shown the 
occurrence of several other bedrock channels in their regional ground­
water report of central Iowa. 
These bedrock channels are filled with till in addition to sand 
and gravel. Backsen (1963) noted as many as three tills occurring in 
and above these channels near Ames. Two tills were identified by 
Backsen and Schoell in the Skunk Channel and three in the Squaw 
Channel. Backsen describes the Squaw Channel sequence as upper till, 
silt, intermediate till, sand and gravel, and occasionally a lower 
till. Both Schoell (1967) and Backsen (1963) recognized additional local 
sand units within the upper and intermediate tills. 
The regolith aquifer near Ames has been defined by Backsen (1963), 
and Schoell (1967) as consisting of all the sand and gravels hydraulical-
ly connected to the sand and grave 1 at the base of the till underlying 
the Ames area. Backsen (1963), Schoell (1967), and Ver Steeg (1968) 
considered the local sand units along with the alluvium of the Skunk 
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River and Squaw Creek as parts of the regolith aquifer. The sand and 
gravel at the base of the intermediate till is exposed in gravel pits 
near Ames. In general, the sand and gravel lenses appear irregularly 
distributed from the base of the channel to the surface, forming a 
nonhomogeneous and anisotropic aquifer. 
The regional sequence of bedrock found in the area has been de­
fined by the Iowa Geological Survey and published in the "Stratigraphie 
Column of Iowa," (Iowa Geological Survey, 1962). It has also been 
described by Zimmerman (1952) for Story County, and Hale (1955) for 
Webster County at the northwestern edge of the Study Area. The 
stratigraphie sequence includes Pennsylvanian shale; Mississippian shale, 
sandstone, limestone, and dolomite; Devonian shale, limestone and 
dolomite; Silurian dolomite; Ordovician shale, sandstone, limestone 
and dolomite; Cambrian sandstone and dolomite; and Preeambrian sand­
stone, and igneous and metamorphic rocks. 
The bedrock units which were important in this study are in the 
à 
Pennsylvanian and Mississippian Systems. The rock strata of these 
systems subcrop beneath the regolith. Zimmerman (1952) identified at 
least three formations (Saint Louis, Warsaw, and Keokuk) which form 
part of the bedrock surface near Ames. Figure 11 is an interpretation, 
resulting from this study, of the aerial distribution of the bedrock 
units subcropping in the basin. Structural highs cause Mississippian 
rocks to occur near the surface where they are exposed along major 
stream courses. MeGee (1891), Beyer (1898), Zimmerman (1952), and 
Huedepohl (1956) have noted an anticlinal high (the Ames Anticline) ex­
tending northeasterly through Ames and Roland. Seismic studies by 
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Staub (1969) and Sendlein (Sendlein and Dougal, 1968) have shown 
evidence of faulting associated with the Ames anticline. The geologic 
subcrop map (Figure 11) produced as a result of this study reveals 
other structural highs north of the faulted Ames-Roland anticline. 
The Pennsylvanian strata are part of the Des Moines series;whereas, 
the Mississippian horizons are representative of the Meramec, Osage 
and Kenderhook Series. These are further broken down into several 
formations. The Meramec is composed of the Saint Genevieve shale and 
limestone, the Saint Louis sandy limestone, and the Spergen limestone. 
The Spergen is not differentiated in this region. The Osage includes 
the Warsaw shale and dolomite, and the Keokuk and Burlington cherty 
dolomite and limestone. The Gilmore City oolitic limestone and Hampton 
dolomite and limestone are representative of the Kinderhook series. 
The principal bedrock aquifer within the study area is in the 
Upper Mississippian system. Twenter and Coble (1965) have identified 
the regional occurrence of deeper aquifers in the Devonian, Ordovician 
and Cambrian. These deeper aquifers are seldom tapped in the Upper 
Skunk River Basin. However, some of the larger municipalities in the 
central and northern portions of the study area utilize this deeper 
water. 
11 
II. ASPECTS OF THE REGIONAL APPROACH 
A. Compilation of Existing Data—The First Approximation 
1. Introduction 
The primary objective of this phase of the regional approach was 
the compilation and presentation of existing data. These data were used 
in map form at different stages of this study. The initial step was 
to compile the existing data for three major areas of research: 
Geology (bedrock and regolith); groundwater (hydrostatic head); and 
water quality. These data were subsequently transferred to first 
approximation maps. 
2. Geology and groundwater data 
Geology and groundwater data were gathered from a well inventory. 
Sample logs prepared by the Iowa Geological Survey and local drillers 
were the primary source. The State Geological Survey logs were micro­
filmed in color for more convenient use. A 35 mm. camera with a 55 mm. 
lense was mounted on a portable stand and the stand positioned to photo­
graph three strip logs at a time. A high speed ektachrome film, Type B 
(artificial light), with an ASA of 125 was used. The best exposure 
setting was found to be 1/30 second with an aperature opening of F.ll and 
with the strip logs under two mounted 100 watt incandescent lights. 
The procedure was simple and fast. 
Eight hundred strip logs representing Story, Boone, and Hamilton 
Counties were photographed within, six hours. The film was cut and 
spliced into a logical sequence. A microfilm reader was periodically 
used when certain data were needed. 
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Other well log information was obtained from data compiled by 
Schoell (1967), Backsen (1963), and local drillers. Some drillers, in­
cluding Cryder, Larson, Layne Western, and Thorp Drilling Companies, 
kept fairly detailed records of many of the wells they had drilled. 
Data from approximately 300 additional wells were obtained in this 
way. Well logs included well location, well elevation (recorded or 
from topographic maps), total depth, depth to bedrock (and subdatum), 
upper bedrock lithology, and sand and gravel thicknesses. Groundwater 
data included static water levels and the corresponding subdatums, 
casing depth, and the water-bearing zones. The casing depth was 
seldom available. However, it has been the practice of the drillers 
in the study area to case their wells into the bedrock. Sand 
wells are generally screened or completed with a driven sand point. 
Casing with a sharp, chisel-bottom edge is driven into bedrock as far 
as possible. Generally, this depth is no more than three to five feet. 
Layne Western and Thorpe Drilling Companies generally cement in the 
casing at the bottom. Although other drilling companies do not follow 
this practice, they make sure that no fine sand or mud from above and 
behind the casing contaminates the water. If there is contamination, the 
wells are recased. The lower portion of bedrock wells are left uncased 
when completed in limestone. However, bedrock intervals with shale 
fingers are cased in order to keep the shale from slumping into the 
well. This is generally accomplished by a second smaller casing that 
is set inside the first casing. A packer is placed where the two casings 
join. In this study, it has been assumed that all bedrock wells are 
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cased, and that leakage through or along the periphery of the casing 
does not exist. 
Two data compilation maps were prepared showing the upper bedrock 
sequence, and sand and gravel thicknesses. Data maps were prepared 
from static water level information for each potential aquifer (upper 
bedrock, bedrock channel sand and gravel, and shallow sand and 
gravel). 
A first approximation bedrock topographic map was prepared from 
subdatums representing total depth and depth to bedrock. This informa­
tion subsequently served as a guide for locating geophysical stations 
necessary for the development of the second approximation bedrock topo­
graphic map. 
3. Water quality data 
Existing water quality data were obtained from State Hygienic 
Laboratory reports on record with the Iowa Geological Survey and United 
States Geological Survey tabulations for their groundwater report of 
central Iowa (Twenter and Coble, 1965). Data for the City of Ames were 
taken from State Hygienic Laboratory reports on file with the city. 
Other data for the local Ames area were taken from the report by 
Sendlein and Dougal (1968). 
Existing water data were plotted as Stiff Diagrams by the IBM 
computer (see Appendix D—Computer Programs). The Stiff diagram was 
introduced by Stiff (1951) and shows quantitatively the number of units 
of each ion on a horizontal scale. Stiff diagrams typical of those used 
in this study are shown in Figure 2-B. Several horizontal scales were 
placed on either side of an origin with each side portraying a type of 
Figure 2-B. Typical Stiff diagrams used to graphically 
represent the groundwater quality at each 
sampled borehole location 
A - indication that ion (represented by 
zero value and by jagged edge of 
diagram) was not included in the anal­
ysis; e.g.. Si is indicated in the figure 
B - indication that ion (represented by no 
connecting lines) was not included in 
the analysis; e.g., PO, is indicated in 
the figure 
C - location of cased well from which water 
sample was taken 
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ion. These diagrams were subsequently transferred to first approxima­
tion maps representing bedrock, channel sand and gravel, and shallow 
sands (less than 40 feet in depth). The apparent distribution of water 
data indicated areas where supplemental data were needed for the 
preparation of second approximation maps. 
B. Field Work—The Second Approximation 
Two methods of investigation were used in the field. These were 
geophysical and systematic collection and qualitative analysis of 
groundwater. The data gathered from these investigations were used to 
supplement the compiled data. Geophysical data were subsequently used 
to develop a second approximation bedrock topographic map that defined 
boundaries of the bedrock channel sand and gravel aquifer. The develop­
ment of the second approximation Stiff diagram maps showing the bedrock, 
channel sand and gravels, and shallow sands was twofold. One was the 
important identification of distinguishable water quality characteristics 
for each of the three potential aquifers, and the other was the identi­
fication of possible qualitative and quantitative changes in water from 
one aquifer to another that could indicate recharge into the channel 
sand and gravel aquifer from above and/or below. 
1. Geophysical investigations 
a. Introduction The two surface geophysical methods used in 
this investigation were seismic refraction, and electrical resistivity. 
It was discovered that the seismic technique was more than twice as 
expensive to operate as the resistivity method. The seismic technique 
cost approximately $11.50 per station. This is based on an average day 
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during which six stations were completed. On the other hand, the re­
sistivity method cost approximately $5.10 per station for an average 
day during which 15 stations were completed. It is apparent that the 
resistivity method is not only less expensive to operate but it is 
also faster. Unfortunately, the resistivity method is useful only 
when adequate borehole control exists. Generally not enough boreholes 
are available to provide the lithologie control needed for the inter­
pretation of all of the resistivity data collected. Interpretation of 
seismic data is generally more reliable and requires less lithologie 
control than that required for the resistivity technique. Resistivity 
was, therefore, chosen as a regional survey tool for collecting the data 
at one- or two-mile intervals (see data distribution map. Figure 2-A). The 
seismic method was used where adequate borehole control was not avail­
able. This was considerably less expensive than a drilling program. 
The first approximation bedrock topographic map was used to determine 
the location of resistivity and seismic stations. A greater number of 
resistivity and seismic stations were selected in areas where the bed­
rock channels were expected to occur. 
Some state geological surveys today use additional drilling as 
the only subsurface technique in their continued search for bedrock 
channels. Considerably more expense is involved in this approach as 
compared to the regional basin approach using geophysics. For example, 
the total number of seismic and resistivity stations used in the Upper 
Skunk River Basin were 172 and 451, respectively. Based on the cost 
estimates per station for each method, the total costs for seismic was 
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$1,980 and $2,300 for resistivity. Consequently, the total geophysical 
expense for this study was approximately $4,280. No more than eleven 
wells could be drilled for the amount spent for geophysical expenses. 
This would assume an average of $2.50 per foot for drilling and an 
average bedrock depth of 150 feet, the same as the penetration depth 
to bedrock for the resistivity surveys. 
Other investigators have used individual and combined geophysical 
methods in distinguishing bedrock channels. Hall and Hajnal (1962), and 
McGinnis, Kengiton and Heigold (1963) successfully utilized the gravi-
meter in studies of buried valleys in Canada and northern Illinois, 
respectively. McGinnis and Kempton (1961), Foster and Buhle (1951), 
Norris and Spicer (1958), andSchcell (1967) employed seismic and re­
sistivity methods as an integrated technique with geologic studies of 
bedrock channels associated with glacial deposits in central Illinois, 
west-central Ohio, and the bedrock Skunk Channel in the vicinity of 
Ames, respectively. Unlike the present study, these investigators re­
stricted their study area to segments of the basin or individual bed­
rock channels. However, Sendlein, Henkel, and Hussey (1968) did use the 
basin approach in an integrated geophysical-geologic study of the bedrock 
surface in the Nishnobotna Basin in southwestern Iowa. 
b. Resistivity—field work Field measurements of the apparent 
resistivity were made with the aid of a Gish-Rooney type instrument 
(Gish and Rooney, 1925). This instrument is primarily a wheatstone 
bridge and current meter with a power source. The instrument enables 
one to determine the voltage potential and current between two potential 
17 
electrodes and two current electrodes, respectively. A low-frequency 
alternating current with a connnutated circuit is produced in order to 
eliminate polarization around the electrodes. 
The Wenner electrode arrangement was used in which each potential 
electrode is separated from the adjacent current electrodes by a 
distance (A-spacing) one-third the separation between the current 
electrodes. Figure 3 shows the Wenner arrangement as it is used in 
the field. Electrical energy induced into the earth through the two 
current electrodes create a potential field around the electrodes. 
If the earth is homogeneous in all directions, a symmetrical field will 
result as shown in Figure 3. Apparent resistivity values (reciprocal 
of conductivity) for increasing depth is achieved by incrementally 
separating the four electrodes of the Wenner configuration so that the 
distance (A-spacing) between each increases by an A-spacing increment 
vhile the A-spacing distance remains equal. An A-spacing increment of 
10 feet was used. A final A-spacing, which approximates the depth, 
was either 300 or 400 feet. 
The computation of apparent resistivity for the Wenner configura­
tion becomes : 
p = 2 TT A -|~ 
where : 
P = apparent resistivity in ohm-centimeters 
TT = 3.14 
A = separation between electrodes (measured in feet 
and converted to centimeters) 
V = voltage potential in volts 
I = current between -electrodes in ampers 
Figure 3. Potential field developed by two current 
electrodes in an ideal earth (from 
Sendlein, 1963). 
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Four men and an operator are required to operate the equipment 
and make the measurements. Tarman (1967) found this arrangement to 
be useful in shallow regolith deposits near Ames. The theory is 
discussed in Jakosky (1960), Dobrin (1960), and Tarman (1967). 
c. Resistivity-interpretation of data The interpretation of the 
resistivity data involved electronic data processing (EDP), along with 
the development of a photo-mosaic and type curves. Tarman (1967) used 
EDP to compute the apparent resistivity and plot graphs showing depth 
on the Y axis and apparent electrical resistivity on the X axis. Tar­
man further employed other methods of interpretation using Tagg's and 
Mooney and Wetzel curves. He found them to be more difficult to use 
and less accurate than the simple continuous depth profile. A modified 
version of Tarman's EDP program was used in this study (see Appendix D— 
Computer Programs). Flexibility for data collection was added to the 
program by permitting arbitrary selection of initial A-spacing distance. 
Fixed scales were used for the plots instead of the variable-sliding 
scale used by Tarman (1967), Schoell (1967), and Henkel (Sendlein, 
Henkel, and Hussey, 1968). In this way, continuous depth profiles 
could be more accurately and easily compared. 
A scaled photomosaic (see Figure 13) was prepared for regional 
study. The horizontal lines not only served as part of the map grid 
but also as the 900-foot subdatum to facilitate horizontal correlation 
of the curves. Curves near borehole and seismic control stations were 
used as type curves showing possible bedrock picks for the rest of the 
area. The type curves are shown in Figure 4. Alternative picks were 
Figure 4. Type resistivity curves 
j > 
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Vertical (Y) scale: 1" = 320' 
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indicated where more than one were possible, when preparing the second 
approximation bedrock topographic map. 
d. Seismic—field work The seismic instrument used was the 
Geospace GT-2A portable seismic refraction system, manufactured by the 
Geospace Corporation of Houston, Texas. The signals from 12 geophone 
channels, the detonation instant, and timing lines are recorded on 
Polaroid film. A time-break and galvanometer allignment test is used to 
measure the delay time between the time-break signal and the actual in­
stant of detonation. The test record is produced by detonating a cap 
beneath a rock upon which the geophones rest. The detonation instant 
generally occurs three milliseconds after the time-break signal is re­
corded. 
Twelve and twenty-four geophones, spaced 105 feet apart, were used 
for the quarter and half-mile spreads,respectively. The cable was laid 
in a straight line, generally along the edge of the road, and geophones 
were placed at take-outs on the cable. The first geophone was usually 
placed 50 feet from the shot point. Two shots were made for each spread; 
thus, records were obtained from both ends of the cable. Elevation cor­
rections were not needed because the spread was kept approximately 
horizontal. 
The shot hole was drilled to a depth of six to eight feet with a 
2.5 inch diameter hand auger. Â hand-power auger was also used for 
drilling unsaturated till. The holes were loaded with Red Cross dyna­
mite sticks containing 40% active contents. The sticks were 1% inches 
in diameter and 16 inches long. A three-quarter or whole dynamite stick 
was satisfactory for quarter-mile spreads and sticks were best for 
24 
half-mile spreads. The explosive was primed with an instantaneous 
elcctrical blasting cap which was attached to a 12-foot long-cap lead. 
The charge was tamped with auger cuttings, and it was electrically 
detonated in synchronization with the instrument. 
Both two- and three-man crews (including operator) were tried in 
the study area. It was found that although more stations could be 
covered in one day by three men, a two-man crew was more economical to 
use. Staub (1969) used a four-man crew (including operator) and found 
this to be faster when shooting continuous profiles in the Ames area and 
the Nishnobotna basin. 
e. Seismic--interpretation of data Interpretation of the seismic 
data involved the computation of intercept time and velocity, followed 
by a determination of depth to bedrock. First arrival times are read 
off of the Polaroid film record for each shot point. The time required 
for the energy to arrive at each geophone is plotted on cartesian co­
ordinates with the time plotted in the Y-direction and distance in the 
X-direction. Straight lines which represent the best fit of the arrival 
times for each geophone location are drawn and extended back to the Y 
axis. The intercept time is measured at this intersection. A velocity 
is determined from the slope of each line. Each distinctive layer within 
the earth will have a characteristic intercept time and velocity due to 
its elastic properties. A depth to each layer can be computed if it is 
assumed that velocity increases with depth. The thickness of each layer 
is computed using the following basic formulas: 
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il 1 o 
Z 2 o 
Z 1 
where : 
Z = thickness of lowest speed layer 
o 
= thickness of intermediate speed layer 
= velocity of low speed layer 
= velocity of intermediate speed layer immediately be-
•L 1 4-1,^ 1 ri 1 low the low speed layer 
Vg = velocity of high speed layer immediately below the 
intermediate (V^) speed layer 
~ intercept time for intermediate speed layer; 
first intercept time 
Ti2 = intercept time for high speed layer; 
second intercept time 
The depth to the lower interface between the internediate and high speed layer 
is the sum of Z^ and Z^. This depth represents the depth to the bedrock 
in this study. The theory of the seismic refraction technique is sum­
marized by Staub (1969) and discussed in considerable detail by 
Jakosky (1960). 
Traditionally, the intercept time and velocity has been determined 
graphically. However, Staub (1969) used simple linear regression to 
find these values. This made it possible to determine a range of error 
for the computed depth. Staub used the Underwood Olivetti calculator for his 
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computations. Techniques of linear regression and depth determination 
were also used in this study. However, these computations were pro­
grammed in FORTRAN IV language for the IBM 360 computer. This program 
(Appendix D--Computer Programs) provides a plot of first-arrival times 
and their respective distances, and computes the depth to bedrock. It 
further computes the corresponding range of error using a 90% level of 
confidence. First-arrival times and their respective distances were 
read from the Polaroid photographs of the recorded field data. The 
number of data points for each array, which represents a slope, was 
determined from visual inspection of the photographs. Unlike Staub's 
approach, this provided the information for the computer computations 
without having to manually plot the data. A Cal-Comp digital off-line 
incremental plotter using the Simplot method was used for this study. 
Once the plots were made, alternative arrays of data points were often 
evident for some slopes and these in turn were used as new input. This 
resulted in a new set of computed intercept times and slopes. The ranges 
of errors of the alternative depth computations were then compared. The 
depth to bedrock with the smallest range of error was chosen as repre­
sentative of each record. The first and second slopes represented the 
velocities of the glacial drift (intermediate velocity layer) and the bed­
rock surface (high velocity layer), respectively. Where three slopes were 
encountered, a third depth was computed. Staub (1969) identified this 
third interface as representing a horizon thirty feet below the top of 
the Gilmore City formation when the velocity of the fourth layer was 
16,000 ft/sec. The average velocity of the drift and the two bedrock lay­
ers are 6,000 ft/sec., 12,000 ft/sec., and 16,000 ft/sec., respectively. 
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The advantages of this one-step digital method of handling the 
data are its greater speed and accuracy. Tarman (1967) and Sendlein, 
Henkel, and Hussey (1968) utilized EDP to compute only bedrock depth 
without the computed range of error. Intercept times and velocities 
were determined but with less confidence. 
The seismic data compared favorably with borehole data. 
Occasionally, differences were noted which may have been the result of 
the "blind-zone" problem as discussed by Staub (1969) and Soske (1959). 
A "blind-zone" occurs where a thin layer of a low-velocity bedrock 
such as shale overlies a deeper high-velocity layer. The computed re­
sults show the top of bedrock to be deeper than it actually is. Cor­
rections as outlined by Staub (1969) for this "blind-zone" effect 
were included in the one-step computer solution by assigning various 
assumed velocities to the "blind-zone." Assigned velocities of 
10,000 and 13,200 ft/sec. were used for an assumed "blind-zone" be­
tween the drift and first bedrock layers. Depths to bedrock were 
printed based on this blind-zone correction. These data were then 
compared to borehold data in order to note any possible"blind-zones" 
in the region. Staub (1969) found a slight blind-zone problem in the 
vicinity near Ames. He found that out of 17 stations located over the 
bedrock valleys, eight were calculated to be too deep when compared 
with borehole data. Most of these were slightly outside his computed 
confidence interval. In the present study it was found that bedrock 
depths determined from borehole data fell within the range of the 
confidence interval of seismic depths when blind-zones were not con­
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sidered in the western half of the basin. This is not necessarily 
in contradiction with Staub's data since his confidence intervals 
were smaller than those computed for the western half of the basin. 
f. The second approximation of the bedrock topography The de­
velopment of the second approximation bedrock map involved the addition 
of resistivity and seismic data to the first approximation map. Seismic 
bedrock subdatums were plotted with their range of error shown. Con­
tours were adjusted to fit the new data. This provided the control 
needed for the final selection of the top of bedrock based on the re­
sistivity data. The resistivity bedrock subdatums, with the range of 
alternative choices, were plotted. It was apparent which of the alterr 
native bedrock subdatums most nearly fit the control data for their 
respective station. The contours were subsequently adjusted to the 
selected subdatum. The initial range of alternative choices along 
with the final selection are tabulated in Appendix E—Resistivity 
Data. 
2. Water quality and groundwater investigations 
a. Introduction After the second approximation bedrock topo­
graphic map was completed, it was possible to collect groundwater data. 
Water samples, for water quality analyses, and static water levels were 
collected from wells penetrating all potential aquifers associated 
with and including the sand and gravel,channel aquifer. Compiled ground­
water data and the bedrock topographic map provided a guide for the 
selection of collecting localities. Additional depth and aquifer in­
formation were obtained from drillers and private owners. The field 
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equipment used in this work included a battery-operated,wire-line, 
water-level recorder manufactured by Soiltest, Inc., polyethylene, 
quart-sample bottles, a thermometer, and a Each Chemical field pH test 
kit. 
b. Water quality-field Water samples were collected from the 
water system at or as near the well as possible. The water was allowed 
to run for at least three minutes before sampling. Longer waiting 
periods were necessary when the water had noticeable quantities of 
suspended solids. The water was allowed to fill the container slowly 
to the top in order to eliminate trapped air when it was sealed. Two 
samples were collected at each site because analyses were made by both 
the City of Ames and the Iowa State University Engineering Research In­
stitute water quality lab. The City of Ames provided analyses at no 
cost. The University lab analyzed those ions which the City lab 
was unable to measure. Water temperature and pH were measured 
in the field. Cooperation of property owners was generally obtained by 
promising to furnish them a report of the analysis of their water (see 
Appendix C—letter to owner concerning water quality). A more detailed 
discussion of water sampling procedures is presented by Hem (1959). 
c. Water-quality laboratory Water samples were taken to the 
two laboratories within four hours after they were collected in the 
field. Samples were analyzed when they arrived at each laboratory. A 
portion of the sample was refrigerated and later analyzed for potassium, 
sodium, and sulfate. Nitrate, phosphate, potassium, sodium, sulfate, 
and specific conductance were measured by the Engineering Research In­
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stitute. Chloride, soluble iron, fluoride, silica, sulfate, calcium, 
magnesium, bicarbonate, carbonate, total hardness, noncarbonate hard­
ness, and laboratory pH were measured by the City of Ames Water De­
partment. Table 1 shows the methods that were used for ion analysis. 
A detailed discussion of the above methods may be found in a handbook of 
standard methods published by the American Public Health Association 
(1965). A description of the Hach colorimeter and the methods used can 
be found in a catalogue published by the Hach Chemical Company (1968). 
The turbidimetric method used by the City of Ames for determining the 
sulfate was considered to be less accurate than the method used by the 
Engineering Research Institute Lab, (Fritz and Yamamura, 1955). Each 
sample was allowed to reach lab temperature before the testing began. 
The university laboratory and city water department maintained a room 
temperature of approximately 23 degrees centigrade. 
d. Water quality—chemical and physical change in water samples 
Apparently little physical and chemical change took place from the 
time the water sample was collected in the field to the time it was 
tested in the laboratory. Evidence for this was the slight difference 
in field and lab pH (generally 0.1 pH). Equilibrium change probably 
did occur. However, less than eight hours lapsed between the time of 
collection and the laboratory analysis. The temperature of the samples 
were kept cool during the transfer from the field to the laboratory. The 
samples were refrigerated at the laboratory if they were not to be 
tested immediately. Equilibrium change between the field and the labora­
tory was therefore considered to have been insignificant for this study. 
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Table 1. Laboratory methods for chemical analysis 
Ion Method Used 
Nitrate Brucine Method 
Phosphate Stannous Chloride Method for 
Orthophosphate 
Potassium and Sodium Flame Photometer Method 
Sulfate (ISU) Rapid Microtitration of Sulfate 
(Fritz and Yamamura, 1955) 
Sulfate (City) Turbidimetrlc Method 
(Each Colorimeter) 
Chloride Mercuric Nitrate Titrametric Method 
Soluble Iron Fe^ Phenanthroline Method 
(Hach Colorimeter) 
Fluoride Spadns Method (Hach Colorimeter) 
Silica Silicomolyodate Solution Method 
(Hach Colorimeter) 
Calcium Titrimetric EDTA Method 
Magnesium Calculation (Total Hardness minus 
Calcium) 
Total Hardness Titrimetric EDTA-Versene Method 
Bicarbonate-Carbonate Methyl Purple Titrimetric Method 
(Alkalinity) with HCL 
Non-Carbonate Hardness Calculation (Total Hardness minus 
Carbonate Hardness) 
Carbonate Hardness (Alkalinity but not to exceed Total 
Hardness) 
Laboratory pH Electrometric Beckman Zeromatic pH 
Meter (Temperature Compensated) 
Specific Conductance Wheatstone Bridge Electrometric 
Method 
Total Dissolved Solids Calculation (Specific Conductance 
X Constant) 
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The evaluation of intensive ami extensive variables are important 
considerations when concentrations are measured and compared by volvime. 
A specific volume of water was used for each test. The test volume for 
all samples remained the same because they were allowed to reach the 
constant lab temperature before testing. However, a change in density 
(intensive variable) and volume (extensive variable) could be expected 
to occur during the transition from the field to the laboratory due to 
the change in temperature. This change, however, was found to be very 
small. The average field temperature of water was 50 degrees fahrenheit 
or 10 degrees centigrade. The density and volume for non-turbid water at 
field temperature would be 0.99973 grains per milliliter and 1,00027 mill­
iliters per gram, respectively, while the density and volume at the labor­
atory temperature of 23 degrees centigrade would be 0.99756 grams per 
milliliter and 1.00244 milliliters. Therefore, the change from field to 
laboratory was an approximate 0.00217 grams per milliliter decrease in 
density and 0.00190 milliliters increase in volume. These small changes 
in sample density and volume should not significantly affect the concen­
trations of ions in the water sample when ion concentrations are rounded 
off to the nearest tenth for comparison. 
fe. Water quality—interpretation of data Processing of water-
quality data involved computation and plotting by the IBM computer, 
separation of data into potential aquifers, and the preparation of Stiff 
diagram-distribution maps far each potential aquifer. A program in fortran 
language was prepared for the IBM 360 (see Appendix D—Computer Pro­
grams, and Appendix I—Water Analysis). The program is designed to con­
vert ppm (parts per million) as calcium carbonate to the specific ion 
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in ppm, to convert ppm to epm (equivalents per million), and to con­
vert specific conductance to total dissolved solids. The computation 
of total cations and anions as well as the calculations for carbonate and 
noncarbonate hardness were also programmed. The program is further de­
signed to plot Stiff diagrams which graphically show the distribution 
of ion concentrations for each water sample. The one-step,computer 
analysis of the data is fast and accurate and eliminates many hours 
of tedious hand plotting. Two Stiff diagrams were prepared for each 
water sample. One diagram shows ion concentration in epm for ions with 
relatively-large concentrations. This included sodium + potassium, 
magnesium, calcium, bicarbonate, sulfate (ISU), and silica. Ions with 
smaller concentrations were plotted separately in ppm. It was felt that 
smaller differences could be noted if ppm were used instead of epm. 
These included chloride, nitrate, phosphate, fluoride, iron, and 
carbonate. Subsequently, Stiff diagrams were sorted according to 
potential aquifer (bedrock, channel sand and gravel, and shallow sands) 
and transferred to maps (see water quality maps. Figures 8, 9, and 
10). 
f. Groundwater Static water levels were measured at the time 
water samples were collected where the inside of the casing was access­
ible. Only a few were measured because most of the wells were of the 
piston type which did not permit access to the inner portion of the well 
casing. Submersible and jet pumps were generally accessible for static 
water level measurements. Where water level measurements were not 
possible, static water levels were often available from well workover 
records kept by the owner. Comparisons were made between the recent 
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static water level measurements obtained from private owner 
records and those recorded by the driller at the time the well 
was completed. The original and current static water level measure­
ments were found to be within ten feet of one another for the regolith 
and bedrock aquifers. This was even true for old wells dating back as 
far as thirty-five years. Consequently, it was decided to use the 
static water levels obtained from driller and private owner records in 
addition to the water levels measured by the investigator. 
Static water level subdatums from the various sources were 
separated into bedrock and regolith aquifers, plotted on separate maps, 
and finally contoured. 
C. Final Interprétâtion--The Final Approximation 
1. Bedrock topography 
The development of the final approximation maps was the last step 
in processing the data for meaningful interpretation. Supplementary 
maps were prepared as an aid in the interpretation of the final 
approximation maps. All maps were prepared on transparent, light-weight 
matte acetate. In this way different maps could be superimposed on each 
other and their data compared for interpretation. Figure 5 shows the 
sequence of map development. Field checks were made where problem 
areas appeared to have existed on the second approximation map. Problem 
areas are defined for this study as areas where contour lines could be 
arbitrarily drawn in such a manner as to indicate that a bedrock channel 
might be draining into another groundwater basin. 
Figure 5. Sequence of interpretative map development 
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One problem area was found near Stratford where arbitrarily-
drawn contour lines indicated that the Squaw channel might join the 
Des Moines River bedrock channel. A continuous north-south seismic 
profile was obtained using quarter-mile spreads (west lines of Sections 
22 and 27, T86N, R26W). It was found that the Squaw and Des Moines 
channels were connected by a narrow (quarter-mile) channel southeast 
of Stratford (see final approximation bedrock topographic map. Figure 
6). Another problem area existed four miles northeast of Boone 
(Sections 4, 5, 8, 9, 10, 15, 16, 17 of T84N, R25W) where a connection 
between the Squaw and Jordan bedrock channels was suspected. Additional 
seismic shots at point locations were completed in this area. The re­
sults indicated that another connection did occur. A third problem area 
indicated that another bedrock channel existed in northeastern Ames 
on 13th Street (Section 36 of T84N, R24W, R24W, Section 1 of T83N, 
R24W, and Sections 29, 31 of T84N, R23W). Additional seismic data 
confirmed this. 
A final approximation bedrock topographic map (see Figure 6) was 
prepared after problem areas on the second approximation map were field 
checked. Four main bedrock channels systems were delineated on the 
second approximation map. The Skunk, Squaw, and Des Moines bedrock 
channels are reflected by the modern surface drainages of the Skunk 
River, Squaw Creek, and Des Moines River, respectively. The fourth bed­
rock channel extends southeastward from a location midway between Ames 
and Boone. This has been identified by Twenter and Coble (1965) as 
the Jordan Channel. 
Figure 6. Bedrock topographie map 
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The Squaw bedrock channel and its tributaries are the largest of 
the channel systems in the Upper Skunk River Basin. It extends in a 
northwest-southeast direction with major channels branching to the 
north and the south in an area northwest of Gilbert in T85N, R25W. 
One branch joins the Jordan channel to the south. The northern branch 
extends through the central portion of the modern Upper Skunk River 
Basin near Jewell and on north toward Blairsburg. The Skunk bedrock 
channel is shorter, extending to the northeast from Ames to the 
vicinity of Story City. The Squaw and Skunk bedrock channels are 
separated by a local bedrock high at Ames and meet at the southern 
end of the city where the modern streams join. The Skunk-Squaw bedrock 
channel appears to join the Jordan channel south of Ames. The Des 
Moines River bedrock channel lies outside the Skunk River Basin and 
follows the Des Moines River northward. A branch from the Des Moines 
channel extends to the northeast following the Boone River to Webster 
City. The Des Moines bedrock channel appears to join the Squaw channel 
northwest of Stratford. In general, the upland bedrock surface begins 
at the 950-foot mean sea level contour elevation. This upland surface 
is located in the northeastern sector and southwestern edge of the 
study area. Thus,a northwest-southeast trending lowland exists and is dis­
sected by deeper bedrock channels trending southeast-northwest and north­
west-southeast. Twenter and Coble (1965) presented a regional bedrock 
topographic map of central Iowa in which the northwest-southeast trend­
ing lowland extended beyond the Study Area (see Figure 7). The northeast-
southwest and southeast-northwestern trending bedrock channels resemble 
a shear fracture pattern. This may indicate that the development of the 
Figure 7. Regional bedrock topography 
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channels in this region was controlled structurally by joint systems. 
Structural highs and possible fractures noted by McGee (1891), Beyer 
(1898), Zimmerman (1952), Huedepohl (1956), Staub (1969), and Sendlein 
and Dougal (1968) substantiate this observation. 
2. Groundwater quality 
Development of the final approximation water quality 
maps (Figures 8, 9, 10) involved the elimination of data representing 
wells penetrating deeper than the Hampton formation. This had pre­
viously been done for the piezometric map. Several of the plotted 
Stiff diagrams were transferred onto large-scale maps of the Squaw 
Creek area because of the great number of data points. Representative 
Stiff diagrams were chosen from the larger-scale maps and in turn 
transferred to smaller-scale maps representing the entire basin. The 
diagrams were subsequently inked and darkened in order to facilitate 
interpretation. A typical Stiff diagram is shown in Figure 2-B. 
The three maps, representing the bedrock (Upper Mississippian) 
channel sands, and shallow sands (less than forty feet in depth), were 
compared by being superimposed on each other. A general coincidence 
of pattern shapes was noted between the three maps. Lateral variation 
was also noted. This resulted in defining several regions where 
distinguishable patterns were characteristic. Vertical coincidence be­
tween the three maps was still observed within each region. Table 2 
describes each region. The regions were separated on the basis of rela­
tive amounts of sulfate, nitrate and chloride. Portions of the Stiff 
diagrams, representing ions other than those used for regional sub­
division, were considered to be less variable due to their recurring 
Figure 8. Groundwater quality map--bedrock 
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Cable 2. Water quality regions and their characteristics 
I A Moderate Sulfate, Low Nitrate 
and Chloride 
I B High Sulfate, Low Nitrate and 
Chloride 
I C High Sulfate, Moderate Nitrate 
and Chloride 
I D High Sulfate, Low Nitrate and 
High Chloride 
I E High Sulfate, High Nitrate and 
Chloride 
IIA Low Sulfate, Moderate-high 
Nitrate or Chloride 
I IB Low Sulfate, Low Nitrate and 
Chloride 
IXC Low Sulfate, Low Nitrate and 
High Chloride 
nature on the three maps. The similarity between zones indicated that 
perhaps the three aquifers are hydraulically connected and a transfer 
of ions has occurred between horizons. Numerical data were used to 
verify this hypothesis and are shown in Tables 3 and 4. The abbrevia­
tions, BR, S, and Sh are used to indicate the bedrock, chapjiel sands 
and shallow sands, respectively, from which the groundwater samples 
were derived. Separate regions, which represent the same chemical 
characteristics (e.g., and A^) were also grouped together and 
averaged. These are indicated by nonsubscripted letters or captions. 
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The number of sample locations which were used for determining an 
average ion concentration for each region is indicated by the number 
appearing in parentheses on Tables 3 and 4. 
Due to the lateral variation in the area, numerical averages re­
presenting the total area were considered meaningless. However, once 
51 
Table 3. Averages for groundwater quality regions 
' Si ^ 
(epm) 
' Fe 
(ppm) 
' Ca 
(epm) 
' Mg 
(epm) 
• Na + K 
(epm) 
, HGO3 
(epm) 
I-Ai 
BR 2.43(1) 0.6(1) 3.23(1) 2.17(1) .56(1) 3.92(1) 
I-A2 
BR - - - — 1.0(1) 5.24(1) 3.04(1) 1.50(1) 7.10(1) 
I-A3 
BR 2.25(2) .90(2) 5.79(2) 4.01(2) 2.62(2) 4.75(2) 
S 
T-R 
3.26(2) 2.00(2) 4.87(2) 3.63(2) 1.47(2) 4.29(2) 
BR 2.75(4) 3.17(4) 4.26(4) 2.56(4) 2.70(4) 3.20(4) 
S 2.43(5) 2.69(5) 4.54(5) 2.69(5) 2.39(5) 4.34(5) 
I-Cl 
BR — - - — . .35(3) 6.15(3) 3.46(3) .69(3) 6.98(3) 
I-C2 
S 2.95(3) 1.53(3) 4.79(3) 2.46(3) 1.64(3) 4.2 (3) 
Sh 4.29(1) .2 (1) 6.71(1) 2.29(1) .15(1) 2.82(1) 
I-Di 
BR 1.29(1) 2.8 (1) 8.1 (1) 6.04(1) 4.07(1) 2.62(1) 
S 3.43(1) 6.0(1) 4.79(1) 1.89(1) 2.00(1) 4.3 (1) 
Sh 2.56(2) 2.3 (2) 8.68(2) 6.70(2) 3.12(2) 2.61(2) 
I-D2 
BR — — — — 3.4 (1) 7.68(1) 6.91(1) 3.47(1) 5.33(1) 
S 
T_1T 
4.0 (1) 8.5 (1) 5.34(1) 2.55(1) .72(1) 5.83(1) 
BR 1.43(1) 5.07(2) 13.05(2) 10.52(2) 9.47(2) 3.16(2) 
S 2.29(1) 2.0 (1) 11.02(1) 8.37(1) 8.21(1) 1.35(1) 
li-Al 
BR 2.71(1) .05(1) 6.67(1) 3.43(1) 1.22(1) 3.92(1) 
II-A2 
BR 2.04(2) .95(2) 5.42(2) 3.83(2) 3.37(2) 3.34(2) 
Sh 3.86(1) .38(1) 7.66(1) 2.82(1) 1.53(1) 3.78(1) 
II-A3 
BR 1.23(5) 2.25(5) 5.85(5) 4.22(5) 4.40(5) 3.10(5) 
S 3.36(13) 2.92(13) 5.01(13) 2.61(13) 1.72(13) 3.37(13) 
II-Bi 
S 7.86(1) 3.6 (1) 5.07(1) 2.17(1) 2.17(1) 5.10(1) 
Sh 4.57(2) 2.17(2) 4.44(2) 2.12 (2) .32(2) 2.82(2) 
II-B2 (East Side) 
BR 2.48(16) 1.99(20) 4.14(20) 2.98(20) 1.65(18) 4.74(20) 
S 3.84(20) 2.9 (21) 4.35(21) 2.49(21) 1.63(21) 4.97(21) 
Sh 1.17(1) 1.05(1) 4.73(1) 2.78(1) 1.85(1) 3.98(1) 
West Side (All but II-Bo, I-•C, & I-A2) 
BR 1.97(17) 2.35(19) 6.35(19) 4.56(19) 3.84(19) 3.45(19) 
S 3.24(27) 2.95(27) 7.35(27) 2.94(27) 2.14(27) 3.80(27) 
Sh 3.80(12) 1.55(12) 7.15(12) 4.06(12) 1.14(12) 3.08(12) 
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Table 3 (continued) 
I-A 
BR 
S 
Sh 
I-C 
BR 
S 
Sh 
I-D 
BR 
S 
Sh 
II-A 
BR 
S 
Sh 
II-B 
BR 
S 
Sh 
' ' ' HPO 
Si ' Fe ' Ca * Mg ' Na + K ' 3 
(epm) (ppm) (epm) (epm) (epm) (epm) 
2.31(3) 
3.26(2) 
2.95(3) 
4.29(1) 
1.29(1) 
3.71(2) 
2.56(2) 
1.62(8)  
3.36(13) 
3.82(7) 
.85(4) 
2.00(2) 
.35(3) 
1.53(3) 
.2 (1) 
3.1 (2) 
7.45(2) 
2.3 (2) 
1.65(8) 
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5.57(2) 
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4.74(20) 
5.21(21) 
3.21(3) 
the regions were defined and drawn on the three maps, averages of 
ion concentrations for bedrock, channel sand, and shallow sand were 
calculated for each area. Zonal differences in the concentration 
averages (ppm and epm) between ions were small for each region because 
of the grouping by similarity of shape. When comparing the bedrock 
and sands within each region, fluoride, sodium + potassium, magnesium and 
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Table 4. Averages for groundwater quality regions 
' SO4 • CI 1 F ' NOg - PO4 ' TDS 
(epm) (ppm) (ppm) (ppm) (ppm) (ppm) 
I-Ai 
BR 3.26(1) 1.0(1) .97(1) 1.02(1) .31(1) 163(1) 
I-A2 
BR 2.52(1) 1.5(1) 2.0 (1) .53(1) 
I-A3 
BR 1.59(2) 1.55(2) 1.17(2) .76(2) .02(2) 336(2) 
S 
T«"R 
3.81(2) .75(2) 1.10(2) 1.10(2) .74(2) 240(2) 
X" J3 
BR 5.07(3) 1.15(4) .70(4) 2.51(4) .49(3) 228(4) 
S 4.20(5) 2.05(5) .98(5) 1.15(5) .63(5) 205(5) 
I-Ci 
BR 2.67(3) 22.0 (3) .90(3) 1.18(3) 634(3) 
I-C2 
S 8.06(3) 3.33(3) .71(3) 4.85(3) .23(2) 197(3) 
Sh 3.31(1) 9.0 (1) .32(1) 152.0 (1) 
------
251(1) 
I-Di 
BR 4.8 (1) 9.95(1) 1.44(1) 1.15(1) .19(1) 399(1) 
S 19.0 (1) 2.5 (1) .42(1) .8 (1) .33(1) 209(1) 
Sh 4.47(2) 24.20(2) 1.13(2) .93(2) .016(2) 364(2) 
I-D2 
BR 12.49(1) 10.0 (1) 1.9 (1) .10(1) — — — — — —  — — — — — —  
S 2.5 (1) 19.4 (1) .3 (1) .50(1) 546(1) 
BR 14.5 (2) 15.7 (2) 1.6 (2) 1.35(2) .02(1) 463(1) 
S 10.26(1) 2.5 (1) 1.22(1) 5.54(1) .13(1) 527(1) 
II-Ai 
BR .94(1) 92.5(1) .52(1) .89(1) .11(1) 280(1) 
II-A2 
BR .35(2) 5.0(2) 1.0 (2) 11.70(2) .08(2) 303(2) 
Sh 1.60(1) 32.0(1) .53(1) 55.08(1) .05(1) 139(1) 
II-A3 
BR 5.78(5) 5.10(5) 1.42(5) 9.79(5) .27(2) 322(5) 
S .92(13) 6.30(13) .80(13) 15.60(13) .63(11) 228(13) 
Sh .63(6) 9.75(6) .65(6) 46.10(6) 1.21(2) ------
II-Bi 
S 1.07(1) 1.50(1) .50(1) 2.16(1) .74(1) 223(1) 
Sh 1.08(2) 2.25(2) .49(2) .42(2) .37(1) 167(2) 
II-B2 (East Side) 
BR .47(19) 1.18(19) 1.03(20) 1.97(19) 1.69(14) 278(18) 
S .57(21) 1.43(17) .96(21) 3.50(21) .35(16) 268(20) 
Sh 1.61(1) 2.0 (1) 1.25(1) 1.46(1) .01(1) 183(1) 
West Side (All but II-B2, I-C , & I-A2) 
BR 3.81(19) 9.90(19) 1.17(19) 4.72(19) .18(18) 282(18) 
S 3.46(27) 3.90(26) .86(27) 9.00(27) .52(23) 248(27) 
Sh 1.65(12) 12.70(12) .66(12) 40.60(12) .49(6) 282(12) 
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Table 4 (continued) 
SO4 
(epm) 
,C1 . 
(ppm) 
F 
(ppm) 
NOg , PO^ 
(ppm) (ppm) 
TDS 
(ppm) 
I-A 
BR 2.24(4) 1.40(4) 1.33(4) 
S 3.81(2) .75(2) 1.10(2) 
Sh 
I-C 
BR 2.67(3) 22.0 (3) .90(3) 
S 8.01(3) 3.33(3) .71(3) 
Sh 3.31(1) 9.00(1) .32(1) 
I-D 
BR 8.65(2) 9.98(2) 1.67(2) 
S 10.75(2) 2.50(1) .36(2) 
Sh 4.47(2) 24.20(2) 1.13(2) 
II-A 
BR .57(8) 16.00(8) 1.20(8) 
S .92(13) 6.30(13) .80(13) 
Sh .77(7) 12.90(7) .63(7) 
II-B 
BR .47(19) 1.18(19) 1.03(20) 
S .63(21) 1.23(21) .99(21) 
Sh 1.25(3) 2.17(3) .74(3) 
.77(4) 
1.10(2) 
1.18(3) 
4.85(3) 
152.0 (1) 
.63(2) 
.65(2) 
.93(2) 
9.15(8) 
15.60(13) 
47.3 (7) 
1.97(19) 
3.61(21) 
.77(3) 
.12(3) 
.74(2) 
.23(2) 
.19(1) 
.33(1) 
.63(2) 
.16(5) 
.63(1) 
.14(3) 
.69(14) 
.38(17) 
.19(2) 
278(3) 
240(2) 
634(3) 
197(3) 
251(1) 
399(1) 
378(2) 
364(2) 
311(8) 
228(13) 
296(7) 
278(18) 
279(21) 
172(3) 
calcium were higher in the bedrock, while silica, iron, phosphate and 
nitrate were of greater concentration in the sands. Sulfate, total 
dissolved solids, chloride and bicarbonate were mixed. When 
the channel sands were compared to the shallow sand, calcium, chloride,and 
nitrate were hi^r in concentration in the shallow sand than in the deeper sands 
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vinlehig^a: anamtsof izm, in^gpesiuti, sodium + potassium, sulfate and bicarbonate 
were found in the deeper sands. Concentrations of silica, fluoride, 
phosphate and total dissolved solids were mixed. The mixed values of 
the total dissolved solids for the three horizons imply that there 
might be a general mixing of water occurring between horizons. 
For most regions, the nitrate concentration decreases with depth 
from the shallow sands down to bedrock. If it is assumed that concen­
tration gradients exist with the source having a higher concentration, 
the decrease in nitrate concentration might indicate that the nitrate 
source is from the surface. The nitrate concentration could be diluted 
as it circulates with deeper groundwater, which contains little nitrate. 
Scalf, Hauser, jMcMlllion, and others (1968) were able to show that by 
injecting nitrate into wells, nitrate moved quickly through the 
Ogallala clays, silts, sands and gravels. Apparently, little if any 
adsorption took place because most of the nitrate was recovered in 
nearby wells within 12 days. An obvious source of nitrate is from the 
extensive use of fertilizer and the livestock production in this region. 
The rocks in the bedrock sequence or deeper sands might provide small 
amounts of nitrate. Fennsylvanian shales might have reduced organic 
residues remaining which would include reduced forms of nitrate and 
which might readily oxidize into the nitrate state with adequate percola­
tion of groundwater. The geologic subcrop map (Figure 11), developed 
later, however, shows that the Fennsylvanian shale does not subcrop 
in every area where nitrate occurs. Therefore, it might be reasonable 
to assume that the shales could not provide all of the nitrate present 
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in the bedrock and deeper sands of those areas unless hydraulic con­
tinuity with the shallower sands does exist. Not enough is known 
about the natural occurrence of the other ions to indicate their 
origins. It is apparent from Tables 3 and 4 that concentration gradients 
do exist, they are in both directions. The three horizons would have to 
be hydraulically connected, in order for either movement of ions through 
conduction or ion diffusion along concentration gradients to exist. 
This hydraulic continuity has already been indicated by the coincidence 
of the Stiff patterns and the data presented in Tables 3 and 4. 
The aerial distribution of the patterns can be noted on the three 
water quality maps. Region I IB contains the predominant water type in the 
central and eastern portions of the study area while a greater variety 
of groundwater types are found to the west. This variability is due 
to the unique combination of sulfate, chloride and nitrate associated 
with each region. Region IIB is coincident with the modern Skunk River 
drainage while the mixed region to the west is coincident with the 
modern Squaw Creek drainage. Averages for the ions in the mixed region 
were compared with those of Region IIB, and calcium, magnesium, sodium + 
potassium, sulfate, chloride and nitrate were generally higher in the 
mixed region to the west. Analysis of the final approximation piezo-
metric nap (Figure 15) indicated that more varied piezometric gradients co­
incide with this mixed area. It is possible that these variations in 
gradient could result in stagnation points allowing concentrations to 
become greater in localized areas. This would account for the variabil­
ity of zones and higher concentrations to the west. When the water qual­
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ity maps were compared with the geologic subcrop map (Figure 11), it 
was noted that large areas of Pennsylvanian shales sub-
crop in this same area. The clay structure of these shales would 
serve as excellent traps allowing for accumulations of cations to 
occur, and thus explain the higher concentrations. Twenter and 
Coble (1965) have noted definite lateral variations in total dissolved 
solids in the central portion of Iowa. They have also shown a change 
in total dissolved solids that approximates the boundary between the 
western and eastern areas with the higher concentrations to the west. 
It was found from this study that the averages of total dissolved 
solids were about the same in the western and eastern areas. However, 
individual values were often higher in the west. 
3. Supplementary information 
Supplemental maps were prepared in order to facilitate interpreta­
tion of the final approximation maps. These include the geologic sub-
crop map, regolith distribution map, resistivity distribution map, 
and sand and gravel isopach map. These maps were prepared on trans­
parent, light-weight matte acetate in order that they might be super­
imposed on the final approximation maps for interpretation. 
a. Distribution of geologic subcrops The development of the 
geologic subcrop map (Figure 11) required the use of the final approxi­
mation bedrock topographic map and a series of eighteen east-west 
bedrock profiles of borehole and outcrop information across the basin. 
The bedrock topography was plotted on the profiles using the final 
approximation bedrock topographic map. Correlations of the bedrock 
Figure 11. Geologic subcrop map 
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formations were subsequently made and drawn on the profiles. The inter­
section of the bedrock surface and the bedrock units was noted and 
their distribution placed along a horizontal scale across the top of 
the cross sections. These were subsequently scaled down and plotted 
on the data compilation map of the upper bedrock sequence. Formation 
contacts were drawn from the combination of the resulting data map and 
the final approximation bedrock topographic map. Formations were grouped 
according to lithologie type. The five formational units used are shown 
on the key of the geologic subcrop map (Figure 11). 
It was apparent from studying the bedrock subcrop map that the 
Pennsylvanian rocks are prominent throughout the region, and are 
often associated with bedrock highs. The Upper Mississippian forma­
tions are generally restricted to the bedrock channels and lowland areas 
except at the north end of the basin where the Upper Mississippian 
formations are near the surface. The St. Louis is the predominant 
Upper Mississippian formation appearing in the bedrock channels. 
Lateral changes in the bedrock type are common. This has been related 
to stratigraphie pinch-outs and structural highs in the area. The 
Gilmore City in the lower segment of the Upper Mississippian subcrops 
near Ames, Jewell, and Webster City. This would indicate that three 
structural highs exist in this region. Those near Ames and Jewell 
appear to trend as anticlinal structures to the northeast and southwest. 
The structural high near Ames has been identified by Backsen (1963), 
Staub (1969) and others. The third structural high near Webster City 
appears to represent a general upward slope toward the north causing 
the Gilmore City to be closer to the surface. 
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The Hampton formation which is stratigraphically below the Gilmore 
City formation subcrops only in one area. This area is near Blairs-
burg, at the northern end of the Upper Skunk River Basin. Pinch-outs 
occur at the western edge of the study area near Stratford where the 
St. Louis disappears between the Pennsylvanian and Keokuk-Burlington 
formations. The Keokuk-Burlington formations also appear to pinch-
out to the north and northeast of the basin. 
b. Regolith distribution The regolith distribution map 
(Figure 12) was prepared in order to delineate the distribution of sands 
and gravels of the regolith aquifer. Scaled geologic columns (bar 
diagrams) were used to represent the distribution of the regolith for 
individual boreholes. Oxidized and unoxidized tills, silt, and sand 
and gravel are graphically represented in each diagram. The diagrams 
were placed on the map so that the bottom of the diagram marked the 
location of the well. Arrows, directed downward from the base of 
the diagram, indicate that the well was finished in sand and bedrock 
was not encountered. 
"Rie map was then superimposed on the bedrock topographic map. 
The region above the 950-foot bedrock topographic contour appeared to 
represent the upland region of the bedrock surface. It was also noted 
that the 800-foot contour represented the deeper portions of the bedrock 
channel system. These two contours were then placed on the regolith 
distribution map in order to compare the distribution of the regolith 
on the upland surface and in the dissected lowland. 
Figure 12. Regolith distribution map 
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Sand appears to blanket the bedrock in the deeper bedrock 
channels near the 800-foot contour. Sand is also found to occur in­
termittently on the bedrock surface above the 800-foot contour. A 
greater number of thicker sand lenses appear below the 950-foot 
contour or in the dissected lowland of the bedrock topography. As 
many as three distinct sands can be found in the regolith sequence. 
Frequently only one or two units can be found; however, these units 
are generally thicker than those occurring together as three sands. 
The upper and middle sand is discontinuous. The middle sand is a 
significant source of water near Stratford and is locally known as 
"Dutchman's Lane." 
Three oxidized tills sometimes occur together. These occurrences 
are located southeast and west of Ames, northeast of Boone, and near 
Webster City. These mark the upper portion of what Backsen (1963) 
described as the upper, intermediate, and lower tills. These occur­
rences are confined to elevations below the 950-foot contour. However, 
sand and gravel are often found in the lowland areas of the bedrock 
surface instead of one or more of the oxidized tills. It is possible 
that the third oxidized till was eroded and replaced by sand in the low­
land areas where active erosion and deposition probably occurred. A silt 
frequently also appears to replace the second oxidized till when the till 
is correlated regionally. Therefore, the second oxidized till may also 
have been removed and replaced by silt or loess deposition. This is further sham 
shown by the fact that a silt is often associated with the second oxidized till 
where it is present below the first till. The oxidized condition might imply 
that sufficient time was allowed for aerial exposure and oxidation to 
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take place. This might have occurred during moist interglacial epochs. 
Active channel erosion during wet interglacial epochs could have re­
moved oxidized tills or prevented their development in lowland areas. 
A sequence of an upper-oxidized till and a lower-unoxidized unit 
generally is used to define a till representing a specific glacial 
advance. It is generally assumed that the two upper oxidized tills 
are the most recent and are representative of the Wisconsin. However, 
the third oxidized till may or may not represent an older glaciation. 
It is difficult to assign ages to the oxidized till zones unless 
further evidence is found. It is possible that one major glacial 
advance might be represented by more than one oxidized till due to 
sporadic glacial advance and retreat. 
c. Distribution of resistivity data A resistivity distribution 
map (Figure 13) was prepared in an attempt to correlate resistivity 
data with the geology and to investigate the regional trend of the 
data. The resistivity curves were transferred from the resistivity 
photo-mosaics onto the regional map scale used in other portions 
of this study. Final bedrock picks and the 900-foot elevation are 
shown on each curve. The map was helpful in showing the possible ex­
istence of thick till sequences in critical areas which are subject to 
alternative interpretations on the final approximation piezometric map. 
A relation between lithologie type and resistivity values is shown 
in Figure 14. It can be noted in this figure that sands and limestones 
produce higher resistivity readings than values produced by shales and 
tills. Sands could be readily distinguished when the final bedrock pick 
Figure 13. Resistivity distribution map 
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was found on the curve because only sands and limestones produced 
higher resistivity values. The presence of sand above bedrock was 
indicated by more inclined slopes, produced by higher resistivity 
values. This can only be argued for sands which directly overlay lime­
stones and not shales because the shales have lower resistivity values 
and subsequently steeper slopes similar to that representative of the 
tills. This technique was used in helping to determine the presence 
of a till plug associated with the bedrock channel outlet from the 
Squaw channel into the Des Moines channel. It must be concluded, 
however, that this is applicable over only part of the area where 
sands overlie limestone bedrock. The only bedrock limestones that 
do not have abundant shale stringers associated with them are portions 
of the St. Louis, the Keokuk-Burlington, Gilmore City, and Hampton forma­
tions. 
Constant depth and constant subdatum resistivity maps were also 
prepared. It was hoped that a correlation could be found with the 
bedrock topography, geologic subcrop and the occurrence of sand and 
gravel. The constant depth technique has been used previously in other 
studies. Sendlein (1963) employed this method in evaluating the dis­
tribution of bedrock valleys in southeastern Iowa where limestone sub-
crops beneath the sand and till. Van Nostrand and Cook (1966) also 
show the use of contant depth resistivity in establishing the location 
of channels cut into limeatone. 
A constant depth of 200 feet was used in order to success­
fully penetrate the bedrock channel. Values of apparent resistivity 
for this depth were plotted and contoured. It was hoped that contrasts 
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between channel fill (sand and till) and bedrock could be noted. Re­
sistivity highs were found associated with the bedrock highs above 
the 950-foot mean sea level subdatum. However, many other bedrock 
highs were associated with low resistivity values. The map was also 
compared with the geologic subcrop map because of the possible in­
fluence of bedrock type on the resistivity values. Little correlation 
was noted. This might have been the result of small differences between 
resistivity curve characteristics of shale and those of till 
! 
(see Figure 6). Areas where shale subcropped were generally areas of 
low resistivity. 
Three constant subdatum resistivity maps were prepared using the 
900-, 850-, and 800-foot elevations. When compared to the constant 
depth resistivity map, these maps had the advantage of not permitting 
the variation in topography to affect the lateral distribution of re­
sistivity values. It was assumed that only the variation in bedrock 
topography would be measured. However, a good correlation was not 
found when the bedrock topographic map was compared to the constant 
subdatum resistivity maps. A complex system of resistivity lows 
appeared as channels on all three maps, but were more apparent on the 
850-foot subdatum map. These channels did not generally coincide with 
the bedrock channels shown on the bedrock topographic map (Figure 6). 
The bedrock topography was apparently not reflected in detail because of 
the poor contrast between shale and till. There seemed to be 
a correlation between the high resistivity values and the Keokuk-
Burlington and Gilmore City subcrops where overlying shales were absent 
and where they were close to the surface. 
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It can be concluded that limestone which occurs near the surface 
produced high resistivity values as compared to shales or till. This 
supports the conclusions made from evaluating individual curves. 
4. Piezometric surface 
A final approximation piezometric map (Figure 15) was prepared 
using the two second approximation piezometric maps and the final 
approximation bedrock topographic map. The two second approximation 
piezometric maps representing the sand and grave1 channel and the 
bedrock aquifers had been contoured independently. A general coin­
cidence of contour pattern between the piezometric maps and the bed­
rock topographic map was noted. This was interpreted to mean that 
groundwater from the bedrock was discharging into bedrock topographic 
depressions. Therefore, it was concluded that hydraulic continuity 
between bedrock and the channel aquifers might exist. Consequently, 
the piezometric data of the two aquifers were plotted on the same 
map. These points were superimposed on the bedrock topographic map 
and contoured. Bedrock static water level data representing wells 
deeper than the Hampton formation were eliminated. Bedrock wells 
shallower than this were considered as part of the Upper Mississippian 
bedrock aquifer described by Twenter and Coble (1965). 
Generally there was no difficulty in fitting the piezometric 
contours to the bedrock topographic map. It was concluded from this 
fact that hydraulic continuity did exist between the three horizons. 
The piezometric contours parallel the bedrock topography in most of 
the study area. However, four problem areas were found where there 
Figure 15. Bedrock and regolith piezometric map 
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there was no correspondence of piezometric and bedrock topographic 
contours. In two of the four areas, the contours of the bedrock topo­
graphic map could be- adjusted so that a logical correspondence be­
tween the two maps was possible. These areas were located northeast 
of Boone (Sections 3, 4, 5, 8, 9, 11, 15, and 16 of T84N, R25W), and 
northwest of Ames (Sections 12, 13, 24, and 25 of T84N, R25W and 
Sections 18, 19, and 30 of T84N and R24W). 
The third area was located in the vicinity southeast of Strat­
ford (Sections 19, 20, 21, and 22 in T86N, R26W) where the seismic 
profile was made (see page 37). Piezometric contours representing 
bedrock and deeper sand and gravel wells paralleled the bedrock topo­
graphy in the Stratford area. This relationship did not exist, how­
ever, when static water levels from shallower wells (less than 100 
feet) were included. This indicated the lack of hydraulic continuity 
between the shallow and deeper sands. The regolith distribution map 
indicated that the till made up a larger portion of the regolith in 
the channel area defined above. A thick till sequence was also in­
dicated by characteristics of individual resistivity curves which 
were representative of this area and are shown on the resistivity 
distribution map (Figure 13). Curve characteristics which are repre­
sentative of till overlaying limestone and shale are shown in Figure 
14. 
A fourth problem area was found southeast of Ames in the vicinity 
of Nevada. Regolith sands and gravels and Pennsylvanian sandstone appeared 
to be in hydraulic continuity with each other, but were separate from the 
underlying Mississippian St. Louis formation. The discontinuity be­
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tween the St. Louis and overlying regolith sands and Pennsylvanian 
sandstones is shown by the non-parallel relation between piezometric 
contours representing the St. Louis and those of the overlying rock 
and sand units. This is probably due to the greater thickness of 
the Pennsylvanian shale in this portion of the study area 
which separates the two aquifers. It is interesting 
to note that the piiezometric contours of the Upper Mississippian lime­
stones and dolomites also did not parallel the bedrock topography. It 
was concluded that the Upper Mississippian aquifer is confined but in 
hydraulic continuity with the bedrock and regolith in other parts of 
the study area;whereas, the regolith sands and gravels and Pennsylvanian 
sandstone form a separate aquifer system. This separate system co­
incides with the Indian Creek drainage basin. Therefore, piezometric 
contours of only the Upper Mississippian aquifer were included on the 
final approximation piezometric map. 
Difficulty also arose in contouring areas of the piezometric map 
near potential groundwater basin inlets and outlets. Piezometric 
contours frequently occurred very close together through narrower 
portions of the bedrock channel. It was assumed that this steep 
gradient represented the occurrence of a zone of lower permeability 
such as till. It is reasonable to assume that till plugs might occur 
within narrower portions of the bedrock channel because of the possi­
bility that lodgment of glacial ice may have existed during the 
Pleistocene due to the narrowness of the bedrock channel. Stagnation of 
the ice and consequent depos it ion of a thick txLL seqtence might have resulted. 
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The regolith distribution and resistivity distribution maps (Figures 
12 and 13) were used to further determine whether or not a till plug 
did exist for each questionable area. These maps were used to 
evaluate the regional distribution of till. Evidence of thick till 
in the questionable area would be a further indication of a till plug. 
A thick sequence of till was indicated by the slope characteristics of 
individual resistivity curves shown on the resistivity distribution 
map (Figure 14) and in Figure 13- The vertical as well as 
the areal distribution of the till could be noted from the bar 
diagrams on the regolith distribution map (Figure 12). 
Where it was determined that a till plug did exist within the 
bedrock channel outlet or inlet, piezometric contours were closed to 
form a groundwater divide in that area. Sand and gravel £so-
pach contours ware adjusted later in areas where this change was 
made. There were three areas where piezometric contours were closed, 
based on evidence of the existence of till plugs. These areas are 
located northeast of Boone where the Squaw channel intersects the Jordan 
channel, southeast of Stratford where the Squaw channel joins the Des 
Moines channel, and southwest of Ames where the western branch of the 
confluent Squaw and Skunk channels joins the Jordan channel. Assuming 
that these three till plugs do exist, it was concluded from the bedrock 
topographic map (Figure 6 ) that there are no bedrock channel inlets 
into the groundwater basin and that the only bedrock channel outlet 
from the groundwater basin occurs below Ames. 
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5. Thickness of sand and gravel 
The sand and gravel isopach map (Figure 16) was prepared in order 
to show the thickness of sands and gravels of the regolith aquifer. 
Data were used representing the net thickness of sand and gravel within 
the regolith. Sand thicknesses representing partial or total penetra­
tion of the regolith were noted and taken into account when contouring 
the map. The map was contoured while superimposed on the final approxi­
mation bedrock topographic map. This was necessary because of the 
lack of sufficient data showing a complete sequence of the regolith 
to bedrock. 
Greater thicknesses of sand are found to be associated with bedrock 
topographic lows while less sand is associated with the bedrock 
topogr^hic highs. However, there appear to be only a few areas where 
there is no sand present (zero isopach contour). The absence of sand was 
found only above the 850-foot and 950-foot mean sea level contours in 
the southern and northern portions of the basin, respectively. The lack 
of sand was apparent in the following areas: One mile north of Gilbert, 
four miles southeast of Stratford, one mile northeast of Stanhope, in 
the vicinity of Blairsburg, on local bedrock structural highs in the 
areas of Ajnes and Nevada, and along the eastern edge of the study area. 
Figure 16. Sand and gravel isopach map 
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III. WATER BUDGET AND BEDROCK RECHARGE FOR GROUNDWATER BASIN 
A. Water Budget Relationship 
A water budget analysis involves the determination of recharge 
into and discharge from the groundwater basin. The equation of 
hydrologie equilibrium used by Todd (1959) expresses this concept. 
The equat ion is : 
Recharge 
Surface Inflow 
Discharge 
Surface Outflow 
Subsurface Inflow 
+ 
Freeipitation 
+ 
Imported Water 
+ 
Decrease in Surface 
Storage 
Decrease in Ground­
water Storage 
Subsurface Outflow 
-f-
Consumptive Use 
+ 
Exported Water 
+ 
Increase in Surface 
Storage 
+ 
Increase in Ground­
water Storage 
Todd (1959) states that this equation provides a quantitative statement 
of the balance that must exist for a given groundwater basin between 
the quantity supplied to the basin and the amount stored within or 
leaving the basin. 
The various terms of the equilibrium equation are measured differ­
ently and to different degrees of accuracy. Surface inflow and outflow 
as well as imported and exported water are quantities that are measure-
able by standard hydraulic and hydrographie procedures. The amount of 
precipitation is measured by gauges strategically placed in the basin. 
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Consumptive use applies to all water released into the atmosphere by 
processes of évapotranspiration. This quantity can be approximated 
with the use of standard devices designed to measure evaporation and 
transpiration. Changes in surface storage can be computed directly 
from changes in water levels of surface reservoirs. Changes in 
groundwater storage are determined from estimates of specific yields 
for unconfined aquifers and storage coefficient for confined aquifers. 
Lewis and Burgy (1964) have estimated groundwater storage by preparing 
maps showing lines of equal change in water level. The change in 
groundwater storage of a basin can be obtained by multiplying the 
change in water level by the product of specific yield (or storage 
coefficient) and the area. 
Subsurface inflow and outflow are two variables that cannot be 
measured directly. Recharge can originate from the surface, the bed­
rock, or from other regolith aquifers adjacent to the groundwater basin. 
Discharge can occur at the lower end of the groundwater basin, at the 
boundary between the groundwater basins where outlets occur, from 
pumping activity within the basin, or from the groundwater basin into 
surface drainages. In order to evaluate whether or not any of the 
alternative recharge and discharge areas occur, it is necessary to under­
stand the boundary conditions of the groundwater basin. 
One of the purposes of this study is to show how a first approxi­
mation can be made of the bedrock recharge portion of subsurface inflow. 
An estimate of the subsurface outflow (discharge) is also made. Todd 
(1959) has commented that in many studies, all terms in the hydologic 
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equilibrium equation are determined except the variables, subsurface 
inflow and outflow. Subsurface inflow and outflow have also been 
assumed by many to be between the surface and the regolith aquifer 
without considering the bedrock contribution. Keech and Dreesgen (1968), 
Coffin (1967), Bœttcher (1966), and Price (1967) have concluded that 
the rock beneath the respective aquifers are impermeable and therefore 
have eliminated subsurface inflow from beneath. Kunkle (1968) has 
evaluated subsurface inflow and outflow on the basis of base flow 
measurements. The geology in his study area (Four-Mile Creek in east-
central Iowa) is similar to that found in this study. However, he 
concentrated more on the shallow alluvial sands and loess occurring 
above the till surface. He has separated the channel sands and gravels 
into a physically-separate aquifer based on the impermeability of the 
till. However, he notes that downward vertical leakage through the till 
into the bedrock is significant and that locally the bedrock recharges 
the channel sands which are a significant drain for subsurface outflow. 
Apparently, sand bodies which would permit upward flow of water into 
the higher alluvium and shallower sands are not considered by Kunkle. 
B. Groundwater Recharge and Discharge 
1. Introduction 
Groundwater recharge and discharge are terms used interchangeably 
with the subsurface inflow and outflow portion of the water budget. The 
interrelationship of variables associated with recharge and discharge are 
shown by the following subsurface groundwater budget equation: 
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^surface ^ ^bedrock ^gravel ^ ^alluvium ^ ^base flow ^pumped 
recharge recharge discharge discharge discharge discharge 
(OR) 
QgR •*" ^BR ^All 
This equation will be evaluated for a location south of Ames at the con­
fluence of Squaw Creek and tiie Skunk River. Thus, the determined volume 
per day for each variable in the above equation will be representative 
of the entire groundwater basin. 
The source of recharge from the surface is precipitation which enters 
the ground through infiltration. A portion of this water will reach 
the groundwater table and move toward areas of lower topographic relief. 
Toth (1963) and Freeze and Witherspoon (1967) have shown in mathematical 
EDP model studies that, in an area of humraocky relief, surface discharge 
and recharge occur in zones of low and high topographic relief, re­
spectively. The effect of the water table configuration on regional 
groundwater flow is shown in Figure 17. The model studies have shown 
that the net movement is toward natural drainage lows within the basin. 
The drainage lows in this study area would be the Skunk River and Squaw 
Creek. The water would enter both the alluvium as well as the stream 
channel. The discharge into the channel would form a portion of the base 
flow component of stream flow. In the dryer periods of the year, the 
base flow is the only component of stream flow and is referred to as low 
flow. It is apparent from the conclusion of Toth (1963) and Freeze and 
Witherspoon (1967) that alluvial and low flow are relatively significant 
discharge outlets for surface recharge. Thus, it can be argued that the amount 
of surface recharge can be included in the quantities of base flow and 
Figure 17. Effect of water table configuration on regional 
groundwater flow through homogeneous isotropic 
mediums (from Freeze and Witherspoon, 1967) 
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alluvial flow. However, an attempt is being made to show that recharge 
from the bedrock is also significantly and steadily contributing to 
base and alluvial flow. Therefore, when surface infiltration occurs, 
base flow and alluvial flow are only increased above the constant amount 
contributed by subsurface recharge. Both surface and subsurface re­
charge will be cyclic, but the frequency of the surface portion of the 
groundwater system will be much shorter than that of the subsurface 
portion of the system. The reason for this is that the subsurface 
portion responds to a much-larger component of the groundwater system 
where recharge and discharge points are widely separated. Consequently, 
base flow will be considered as a constant representing equilibrium 
conditions of the piezometric surface. The quantity of discharge due 
to surface recharge will change with seasonal fluctuation of the water 
table (piezometric surface). This fluctuating quantity of surface 
recharge will average out over the longer span of time so that it 
will constitute only a relatively-small portion of the more constant 
long-term subsurface recharge. The surface recharge component of base 
and alluvial flow will therefore be ignored because only a first approx­
imation estimate of the subsurface recharge and discharge is being 
determined in this study. 
It has already been indicated that the subsurface groundwater bud­
get is difficult to measure and that most researchers either discuss it 
in general terms or ignore itccxnpletely. The difficulty of evaluating the sub­
surface flow quantitatively arises from the lack of a thorough knowledge 
of the groundwater qrstem. The terms groundwater basin and system are used 
very loosely in practice. Todd (1959) defines the groundwater basin as a 
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physiographic unit containing one large aquifer or several connected 
and interrelated aquifers. In general, it is considered by many as an 
area containing a groundwater reservoir capable of furnishing a sub­
stantial water supply. Thus, the general concept of the term ground­
water basin takes on a different meaning than the way it is used for 
this study. Groundwater basin as it is used in this study, refers 
more specifically to a three-dimensional system confined by both sur­
face and subsurface boundaries. The subsurface basin boundaries do 
not necessarily relate to the topographic basin. The piezometric 
groundwater divide constitutes the lateral boundaries. The earth's 
surface and a lower impermeable substratum are the upper and lower 
boundaries, respectively. The shale and impermeable limestone under­
lying the Hampton formation form the lower impermeable boundary in the 
Upper Skunk River Basin. The groundwater system occurs within these 
boundaries. A schematic diagram representing the interrelationship of 
the units in the groundwater system of this study area is shown in 
Figure 18. It shows a hypothetical portion of the study area in three 
dimensions. Interpretation of the piezometric,water quality and isopach 
maps (see Figures 15, 8, 9, 10, and 16) indicates that the channel sands 
and near-surface sands are interconnected except where thick sections of 
till exist such as near Stratford. Both the shallow and deep sand and 
gravel units are considered to be the sand and gravel portion of the 
groundwater system. Even though till separates individual sand and 
gravel horizons from one another, it is possible for groundwater flow 
to occur between them. This communication may be possible by lateral 
Figure 18. A schematic sketch of the groundwater system for 
the Upper Skunk River Basin 
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faciès change where sand and gravel locally becomes progressively thicker 
allowing for two or more lenses to merge. The variability of sand and 
gravel thickness is indicated on the regolith distribution map (figure 12). 
Communication can also occur through the glacial till. Appreciable 
movement of water through glacial till has been noted by Williams (1968), 
Williams and Farvolden (1967), and by Norris (1959). Williams noted 
that the water table and the adjacent closed surface basins in glacial 
till alternate between recharge and discharge in response to seasonal 
fluctuations in precipitation. Norris computed a mean leakage coef-
2 
ficient of .003 gpd/ft for till layers ranging from 11 to 58 feet in 
thickness. He determined from this that 12 mgpd was leaking vertically 
through a five square mile area of till into a sand horizon. Williams 
has observed that hydraulic conductivity varies within the till due to 
the random occurrence of joints. 
Arrows are used in Figure 18 to indicate the direction of ground­
water flow. Both surface and bedrock recharge are indicated. The 
direction of flow,as surface recharge toward the water table and sub­
sequently discharged into surface drainage, is similar to that proposed 
by Toth (1963) and Freeze and Witherspoon (1967). The water table re­
presents the free water surface at atmospheric pressure. Below this is 
the zone of saturation. However, the groundwater system appears to be 
more complex than the simple free water surface and its associated 
gradient (see Figure 18). Groundwater flows downward from the water table 
surface to the piezometric surface and thus into lower sands and alluvium 
in response to a hydraulic head between the free water and piezometric 
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surfaces. The water would also flow, laterally along the water table 
gradient imposed by the regional drainage. In addition, an upward 
groundwater flow appears to exist within the lower portion of the 
saturated interval. This would form a distinct piezometric surface. 
This is in response to a pressure gradient imposed from the bedrock. 
As it was pointed out earlier, the upward flow portion of the ground­
water system has not been recognized or considered by most investi­
gators when describing the groundwater system. 
The regional flow of groundwater was determined on the basis of 
information derived from the piezometric surface, groundwater quality 
and the geologic subcrop maps (see Figures 15, 8, 9, 10 and 11). The 
similarity of groundwater quality and piezometric surfaces between 
the bedrock,channel sands, and shallower sands indicated a zone of 
mixing and hydraulic continuity. Depression of the piezometric surface 
coincident with bedrock valleys shows that water is draining from the 
bedrock into the bedrock channel sands and gravels. Upward movement 
from the bedrock into and throughout the sands and gravels and till 
would, however, require a significant regional hydraulic head within 
the bedrock. A drop in hydraulic head of approximately 320 feet 
between the northern edge of the study area and Ames to the south 
(42 miles) can be noted on the piezometric map (Figure 15). The hydrau­
lic head on a regional scale is shown on the regional piezometric map 
(Figure 19) which was prepared by Twenter and Coble (1965). 
Thus, it can be noted that a significant hydraulic head exists which 
can drive the water not only in a southerly direction but in an upward 
Figure 19. Regional bedrock piezometrle map 
(from Twenter and Coble, 1965) 
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direction into the till and sands of the regolith as well. 
The rate at which the water will move in each of the earth 
materials will be controlled by their permeabilities. Representative 
values of permeability (K) of the three aquifer materials are listed be­
low: 
Sand: 3.96 X 10^ gpd/ft^ (maximum) 
3.01 X 10^ gpd/ft^ (minimum) 
Limestone : 3.33 X 10^ gpd/ft^ (maximum) 
5.02 X lO" gpd/ft^ (minimum) 
Till; 1.3 X 10"^ gpd/ft^ (maximum) 
3.0 X 10"^ gpd/ft^ (minimum) 
Permeability values for the limestone and sand were obtained from local 
pump tests. These values fell within the range of those given by Davis 
and DeWiest (1966) as representative values. The permeability values of 
thé till were taken from Norris (1959) in his studies of glacial till near 
Dayton, Ohio. It is apparent that the permeability of till is 1 to 1/100^^ 
the value for limestone, and that the permeability of limestone is 1/10*"^ 
to 1/10,000^^ that of sand. The dashed arrows in Figure 8 represent the 
relatively-slower movement of water within the till. 
A bedrock recharge map (Figure 20) was prepared showing boundary 
conditions of the groundwater basin once the groundwater system was de­
fined. The map was prepared by using the geologic subcrop, sand and 
gravel, isopach and piezometric maps (see Figure 5). 
A groundwater basin divide was determined from the piezometric 
surface divide on the piezometric map (Figure 15). It was shown that an 
Figure 20. Bedrock recharge map 
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outlet below Ames was the only basin outlet present in the study area. 
It was also shown that no inlets into the groundwater basin are present. 
The areal distribution of bedrock types was determined from the geo­
logic subcrop map (Figure 11). It is assumed that the recharge would 
come from porous rocks such as sandstone and fractured limestone where 
they were over lain by the sand and gravel units. The boundaries of 
the St. Louis, Keokuk-Burlington, Gilmore City, and Hampton formations 
were drawn wherever they coincided with areas of greater than zero net 
thickness of sand and gravel near the bedrock surface. These areas were 
indicated on the isopach and regolith distribution maps. Thus, the re­
charge zone appears on the recharge map as a white area. It is surrounded 
by the confined portion of the groundwater system in which there are 
zones of shale or areas with no sand within the regolith. 
The groundwater recharge map was used to determine some of the 
variables required in estimating the quantity of bedrock recharge into 
the groundwater system. The recharge quantity was computed using the 
D'Arcy equation, Q = KAi. A bedrock recharge per linear foot of cross 
sectional area of flow was first determined. Piezometric gradients 
were determined within the bedrock recharge area. These gradients were 
averaged and used in determining the bedrock recharge per linear foot. 
The recharge per linear foot was then multiplied by the total linear 
distance. This distance was measured on the bedrock recharge map. The 
linear distance was the flow path length along which groundwater might 
flow over the bedrock recharge area. 
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2. Recharge 
a. Introduction It is difficult to evaluate bedrock recharge 
for several reasons: (1) The area of bedrock exposed to the sand and 
gravel is irregular; (2) the bedrock unit contributing the water may not 
have a uniform permeability in aœal extent; (3) the exposed cross 
sectional area of the bedrock aquifer varies depending on the depth of 
the bedrock channel; (4) the flow path in the bedrock is not per­
pendicular to the zone of bedrock recharge; (5) the thickness of the 
bedrock aquifer varies in an areal extent; (6) the piezometric gradient 
of flow into the bedrock channel varies within the bedrock recharge 
area; (7) the various bedrock units providing groundwater may not have 
the same permeability; (8) some bedrock groundwater probably flows under 
the bedrock channels without discharging into them, and (9) the upward 
component of groundwater flow through the floor of the bedrock channels 
is difficult to measure. 
For these reasons it is almost impossible to accurately evaluate 
the amount of bedrock recharge. However, by constructing mathematical 
models that provide for certain assumptions, a very general estimate of 
bedrock recharge can be made. 
b. Development of recharge models Any model proposed must take 
into account the variables listed in the introduction. Two models were 
developed; one to compute a maximum recharge and one to compute a 
minimum recharge value. Recharge values were computed using the 
D'Arcy equation: 
Q = K A i 
where : 
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Q = amount of water in gallons per day 
A = cross sectional area of flow 
K = coefficient of permeability 
i = gradient of flow 
The two models A and B are shown in Figure 21. They were used 
to show how the cross sectional area of flow and piezometric gradient 
of bedrock recharge were determined for computations of total bedrock 
recharge. The actual recharge quantity should be within the range of 
the upper and lower limits defined from estimates of bedrock recharge 
for models A and B, respectively. 
Model A is based on the assumption that water flows into the sand 
and gravel from both sides of the bedrock channel due to a gradient 
produced by incision of the sand and gravel filled channel into the con­
fined bedrock aquifer. It is further assumed that all bedrock flow 
adjacent to the bedrock channels enters the channel sands. Thus a net 
bedrock thickness was used for the cross sectional area of flow into 
the bedrock channels. The gradient was measured perpendicular to this 
cross sectional area because it is assumed that the direction of flow 
is perpendicular to the bedrock channel. This would not actually be the 
case due to the southward trend of the regional gradient. 
The assumptions for Model B are the same as for Model A except that 
it represents a condition in which only a portion of the bedrock flow 
adjacent to the bedrock channels enters the channel sands. This is 
based on the fact that the bedrock channels only partially penetrate the 
bedrock aquifer and that groundwater flow beneath the bedrock channel 
Figure 21. Mathematical models for determination of bed­
rock recharge 
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continues uninterrupted to the south. A net bedrock thickness cor­
responding to the depth of the channel penetration into the aquifer 
was used for the cross sectional area of flow for Model B. Model B 
does not take into account water entering the channel from below be­
cause the thickness of channel penetration into the bedrock is used as 
an assumption. 
c. Quantities In order to determine the total bedrock recharge 
by the D'Arcy equation, it was necessary to define and measure the 
gradient, cross sectional area, and permeability of the bedrock. The 
piezometric gradient of the bedrock was determined in several places 
where recharge was indicated (see bedrock recharge map, Figure 20). 
This was achieved by overlaying the piezometric map (Figure 15) onto 
the bedrock recharge map (Figure 20). Gradients were determined along 
lines perpendicular to the drainage channels and where the bedrock 
system is confined by till or shale. The 57 lines along which these 
measurements were made are indicated and numbered on the recharge map. 
The measurements for these numbered points are shown in Table 5. The 
-3 
average gradient was found to be 9 X 10 while the highest and lowest 
-3 -3 
values were 27.4 X 10 and 1.2 X 10 , respectively. The standard de­
viation was 5.75 X 10 ^  with 56 degrees of freedom (n-1). 
The cross sectional area was considered to be the net thickness of 
the bedrock aquifer for Model A. However, only the net thickness 
penetrated by the bedrock channels was considered for Model B. Total net 
thicknesses were determined for several wells and averaged. The average 
thickness was 165 feet while the high value was 255 feet and the low value 
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Table 5. Con fined piezometrie gradients from bedrock recharge map 
Location 
(See Figure 20) Gradient 
Location 
(See Figure 20) Gradient 
1) 10.5 X 10~^ 30) 19.68 X lO"^ 
2) 9.49 X lO"^ 31) 7.79 X 10"3 
3) 3.98 X 10~^ 32) 7.58 X 10"^ 
4) 3.16 X lO"^ 33) 7.56 X 10"3 
5) 2.36 X 10~^ 34) 8.13 X lO"^ 
6) 4.74 X lO"^ 35) 4.74 X lO"^ 
7) 10.8 X 10~^ 36) 2.58 X lO"^ 
8) 6.69 X lO"^ 37) 27.4 X lO"^ 
9) 7.07 X lO"^ 38) 14.55 X 10"^ 
10) 4.36 X lo"^ 39) 19.8 X lO"^ 
11) 1.18 X lO"^ 40) 22.1 X lO"^ 
12) 3.94 X 10"^ 41) 11.5 X 10"^ 
13) 5.42 X lO"^ 42) 16.7 X lO"^ 
14) 5.42 X 10"^ 43) 4.46 X lO"^ 
15) 2.27 X lO"^ 44) 7.11 X lO'^ 
16) 7.57 X lO"^ 45) 12.62 X 10"^ 
18) 3.16 X lO"^ 46) 9.48 X lO"^ 
19) 10.82 X lO"^ 47) 4.86 X lO'^ 
20) 1.89 X lO"^ 48) 18.0 X lO"^ 
21) 10.1 X io"3 49) 8.74 X 10"^ 
22) 7.11 X lO"^ 50) 13.52 X lO"^ 
23) 6.29 X 10"3 51) 9.28 X 10"^ 
24) 15.73 X 10"^ 52) 5.97 X 10"3 
25) 20.2 X lO"^ 53) 11.37 X lO"^ 
26) 10.31 X 10"^ 54) 15.1 X lO"^ 
27) 9.48 X 10~^ 55) 13.5 X lO"^ 
28) 4.73 X 10"3 56) 3.98 X 10"^ 
29) 2.30 X lO"^ 57) 9.9 X 10"^ 
58) 3.16 X 10"^ 
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was 95 feet. The standard deviation was 52 feet with 15 degrees of 
freedom (n-1). The penetrated net thickness was determined by in­
spection of the geologic subcrop map (Figure 11) superimposed on the 
bedrock topographic map (Figure 6). The bedrock channels penetrated 
the bedrock aquifer from less than 50 feet to more than 100 feet. 
The coefficient of permeability (K) of the bedrock was determined 
from pump test data in the region. Only three values were considered 
useful because they were computed from wells which produced from the 
total aquifer. The locations of the wells from which these values were 
taken are shown on the bedrock recharge map (Figure 20). The Jacob 
method (Jacob, 1950) was used for these computations because the water 
levels were measured only in the pumped well, and nonequilibrium condi­
tions had to be assumed because the pumping time was short. The Ogden 
method (Ogden, 1965) was also used for calculations of a single draw­
down in a well. This method was employed because many well records con­
sisted of only the pumped water level at a certain pumping rate over a 
given period of time. The Ogden method was applied to several wells 
where these constants were known. The results of the Ogden method 
deviated considerably from those computed for the same wells by the Jacob 
method. Thus, it was concluded that the Ogden method provided erroneous 
values. The results of the three pump tests as determined by the Jacob 
method are ; Transmissibilitv Permeability 
1. 8100 gpd/ft 8100 gpd/ft / 220 ft - 36.8 gpd/ft^ 
2. 5780 gpd/ft 5780 gpd/ft / 240 ft = 33.6 gpd/ft, 
3. 33.4 gpd/ft 33.4 gpd/ft / 91 ft = 0.36 gpd/ft 
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Permeability values were determined by dividing the transmissibility by 
aquifer thickness. 
Computations for the recharge quantity per day per linear foot were 
made for each model, using high (H), low (L) and average (A) values of 
permeability and cross sectional area. Permeability values of 36.8, 
2 
0.36, and 23.6 gpd/ft were used for high (H), low (L) and average (A) 
estimates, respectively, of both models. Gross sectional areas per linear foot 
were 255, 95, and 165 square feet for high (H), low (L) and average (A) 
estimates of Model A, respectively; while cross sectional areas per foot 
of 100, 50, and 75 square feet were used for high (H), low (L) and aver­
age (A) estimates of Model B, respectively. An average of the piezometric 
gradient values from the bedrock recharge map was used for all computa­
tions. Table 6 shows the computations and computed recharge per linear 
foot. 
A total recharge value was determined for each computed recharge per 
linear foot value. The linear distance along the drainage ways within the 
recharge zone was 145 miles or 768,000 feet. This distance was multiplied 
by the recharge per linear foot values. The product represents the amount 
of bedrock recharge per day that would flow into the sands and gravels down 
to the point of measurement (below the confluence of Squaw Creek and the 
Skunk River). The computations and results are also shown in Table 6. 
3. Discharge 
a. Introduction Discharge had to be determined for the remainder 
of the subsurface budget equation. The measurable discharge quantities 
that were needed flow through the sand and gravel (Qg)> alluvium (Q^n), 
base flow (Q__) and pumped discharge (Q_). 
J5r if 
Table 6, Computations for bedrock recharge 
Computation of Flow per Linear Foot for Bedrock Recharge 
Thickness (A) . Permeability (K) . Piezometric . 2 
(Cross Sectional) Gradient(i) 
Area 
Q gpd/Linear 
Foot 
MODEL A; 
High(H) 
Low(L) 
Ave(A) 
255 ft.: 
165 ft.; 
95 ft. 
36.8 gpd/ftg 
23.6 gpd/ft „ 
0.36 gpd/ft 
9 X 10 
9 X 10 
9 X 10 
-3 
3 
-3 
2 = 169 gpd/ln.ft. 
2 = 70 gpd/ln.ft. 
2 = 0.6 gpd/ln.ft. 
MODEL B; 
High(H) 
Low(L) 
Ave(A) 
MODEL A; 
High(H) 
Low(L) 
Ave(A) 
100 ft.: 
75 ft.: 
50 ft.' 
36.8 gpd/ftm 
23.6 gpd/ft^. 
0.36 gpd/ft^ 
9 X 10 
9 X 10 
9 X 10' 
-3 
-3 
2 = 66 gpd/ln.ft. 
2 = 32 gpd/ln.ft. 
2 = 0.3 gpd/ln.ft, 
Computation of Total Quantity for Bedrock Recharge 
Q gpd/Linear Foot Total Linear Distance of Total Bedrock Recharge 
Recharge Area Q gpd 
o 
169 
0 . 6  
70 
768,000 ft. 
768,000 ft. 
768,000 ft, 
1.3 X 10 
4.6 X 10: 
5.4 X lo' 
8 
MODEL B; 
High(H) 
Low(L) 
Ave(A) 
66 
0.3 
32 
768,000 ft. 
768,000 ft. 
768,000 ft. 
5.1 X lo; 
2.3 X 10-
2.5 X lo' 
108 
b» Sand and gravel discharge Sand and gravel discharge was de­
termined by using the sand and gravel isopach, bedrock topographic, and 
piezometric maps. A cross section was prepared (see Figure 22), showing 
the bedrock channel and the associated net thickness of the sand and 
gravel below the confluence of Squaw Creek and the Skunk River. The sand 
and gravel isopach and the bedrock topographic maps (Figures 16 and 6) 
were used in preparing the cross section. A cross section, the thickness 
of the modern alluvial sand and gravel was included in the calculation be­
cause the alluvial sand and gravel is in hydraulic continuity with the 
channel sands and gravel, and because it is difficult to distinguish be­
tween them. 
The D'Arcy equation was again used to determine the volume per day 
of discharge through the sand and gravel. A cross sectional area of 
12 X 10^ square feet was determined. The piezometric map (Figure 15) 
was used to determine the gradient of flow for the water within the sand 
and gravel. A distance representing a 20-foot drop in piezometric head 
between a point on either side of the cross section was measured. Gradi-
*"6 ~ 5 
ents of 1.26 X 10 and 5.4 X 10 were determined for the west and east 
sides of the channel, respectively. Two values were measured because 
the Squaw and Skunk bedrock channels were separate north of the measured 
section. Permeability values (K.) for the sand and gravel were determined 
from transmissibility values determined in the Ames area by Ver Steeg 
(1968). The upper and lower permeability values that were selected are: 
high: 3.96 X 10^ gpd/ft^ 
Ames : „ _ 
low: 2.44 X 10 gpd/ft 
Figure 22. Sand and gravel and associated bedrock 
channel cross sections located below the 
confluence of Squaw Creek and Skunk River 
A - South of Squaw bedrock channel 
B - South of Skunk bedrock channel 
DEPTH 
- 20' 
- 40' 
- 6Cf 
- 80' 
SAND AND GRAVEL 
THICKNESS 
ELEVATION 
860* 
800 
700 
BEDROCK SURFACE 
HORIZONTAL 8f ALE !"> 4824 
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Separate discharge computations were made for each half of the cross 
section because of the separation of the Squaw and Skunk bedrock 
channels north of the measured cross section. The two computations 
were then added together. Upper and lower limits of 3 X 10^ and 
6 
2 X 10 gpd, respectively, were computed for sand and gravel discharge. 
c. Alluvial discharge The alluvial discharge was also de­
termined. The cross sectional area was determined from a topographic 
map and borehole information. The sand and gravel portion of the 
alluvium was already accounted for in the discharge computed for the 
sand and gravel. The remainder of the alluvium is made up of silt and 
sandy clay. The average thickness of this portion of the alluvium in 
the Ames area is 26 feet. This average was taken from borehole in­
formation for wells just below the confluence of Squaw Creek and the 
Skunk River. The areal extent of the alluvium was noted on a topo­
graphic map of the land surface. The distance across the Skunk River 
alluvial flood plain below the confluence is 3 miles or 15,840 feet. A 
cross sectional area of 4.1 X 10^ square feet was determined. The 
permeability of the sandy clay was estimated as approximately 2 X 10^ 
2 
gpd/ft from maximum estimates taken from summary data by Todd (1959) 
and Davis and DeWiest (1966). The gradient within the alluvium was 
considered to correspond to the piezometric gradient of the sand and 
-4 gravel. Thus, a value of 90 X 10 was obtained. An alluvial discharge 
of 7.4 X 10^ gpd was determined using the D'Arcy equation. 
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d. Base flow discharge Base flow measurements are made by the 
U. S. Geological Survey on a gauging station just south of Ames and 
the confluence of the Skunk River and Squaw Creek. A minimum daily 
base flow computed from a seven-day period and a two-year return 
period is 2 and 4 cfs days or 1.3 X 10^ gpd and 2.6 X 10^ gpd for 
winter and summer, respectively. These figures were obtained from a 
summary of low flow characteristics prepared by M. D. Dougal, Civil Eigineer-
ing Department, Iowa State University, Ames, Iowa, 1969. Other low 
flow characteristics are tabulated by the Iowa Natural Resources Council 
(Schwob, 1958) and the U. S. Geological Survey (1956). 
e. Pumped discharge Two well fields are located in Ames. 
One is used by the City and is located in the eastern portion of the city. 
Iowa State University has a separate well field on the western edge of 
Squaw Creek. These two fields pump groundwater from the sand and gravel 
portion of the regolith. The City of Ames pumps an average of 3 X 10^ 
gpd while the university pumps an average of 2 X 10^ gpd. Thus, the 
total pumped discharge from the lower end of the groundwater basin is 
5 X 10^ gpd. 
4. Discussion 
The quantities of discharge and recharge were introduced into 
the subsurface groundwater budget equation for the location just be­
low the confluence of Squaw Creek and the Skunk River. Substituting 
into the discharge portion of the subsurface budget gave the following 
equation: 
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+ ^All + ^BF + Qp ^Discharge 
Upper 
Estimate 300X10^ + 7.4X10^ + 260X10^ + 500X10^ = 10.7X10^ gpd 
Lower 
Estimate ; 200X10^ + 7.4X10^ + 130X10^ + 500X10^ = 8.4X10^ gpd 
Upper and lower values of each discharge variable were used, when 
available, in the computation of the upper and lower discharge estimates, 
respectively. It was found that the difference between them was rela­
tively small. Therefore, an average was used to facilitate comparison 
of discharge with recharge values. Total bedrock recharge and discharge 
values were subsequently compared. The comparisons are shown in Table 7. 
When comparing the high values for Model A and Model B estimates 
of bedrock recharge. It was apparent that bedrock recharge exceeds the 
discharge estimate by 120.4 mgpd in Model A, and the bedrock recharge 
exceeds the discharge estimate by 41.4 mgpd for Model B. When comparing 
the average values for recharge estimates of Models A and B, Model A 
bedrock recharge exceeds discharge by 44.4 mgpd and Model B bedrock re­
charge exceeds discharge by 15.4 mgpd. Discharge estimates are 9.2 
mgpd and 9.37 mgpd greater than the low (minimum) values of bedrock re­
charge for Models A and B, respectively. 
Another independent approach of estimating and comparing bedrock 
recharge with discharge was used at several other locations within the 
bedrock recharge zone of the groundwater basin. The locations are 
shown in Figure 23. This method of approach will be referred to as the 
"partial basin" approach. In contrast, the "total basin" approach is a 
Table 7. Comparison of recharge and discharge for point below confluence of the confluence 
of the Skunk River and Squaw Creek 
w 
o* 
M 
% 
Estimate (Maximum) 
Model A 
High(H) 1.3X10® gpd 
Low(L) 4.6X10^ gpd (OR) 
Ave(A) 5.4X10^ gpd 
Bedrock Recharge (S^^ch^^ 
130. mgpd 
0,46 mgpd 
54.0 mgpd 
Estimate (Minimum) 
Model B 
High(H) 5.1X10^ gpd 51. mgpd 
Low(L) 2.3X10^ gpd (OR) 0.23 mgpd 
Ave(A) 2,5X10^ gpd 25. mgpd 
Average Estimate 
Total Discharge (Sdjscharge^ 
9.6 mgpd Average Estimate 9.6 mgpd 
Excess Recharge ^^^echarge ^discharge^ 
Excess Dlscharse (gjt,,i,aree' Recharge' 
C/5 
& 
M 
I 
Model A Estimate (Maximum) 
Excess Discharge 
High(H) 
Low(L) 9.2 mgpd 
Ave(A) 
Excess Recharge 
120.4 mgpd 
44.4 mgpd 
Model B Estimate (Minimum) 
Excess Discharge Excess Recharge 
High(H) — 41.4 mgpd 
Low(L) 9.37 mgpd 
Ave(A) -- 15.4 mgpd 
Figure 23. Location of points where discharge and recharge 
were measured 
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I—4 cross section location '• 
topographic basin boundary 
/'"•bedrock channel 
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method in which the total basin is considered. The latter method was 
used in comparing recharge and discharge quantities south of Ames (see 
location A in Figure 23). In the "partial basin" approach, recharge 
was determined on the basis of a unique computation of recharge flow 
per linear foot for each location. An average was determined for each 
set of measured bedrock recharge gradients (see Table 5) that appeared 
upgrade from each respective location shown on the map in Figure 23. 
Lower (L) and average (A) values of cross sectional area and permeability 
which were used in the "total basin" approach were also used for Models 
A and B in the "partial basin" method. The linear distance for total 
bedrock recharge was determined in a manner similar to that used for 
the total basin. However, computed recharge for each location, using 
the "partial basin" approach, represents only the quantity recharging 
the area upgrade (north) of each respective location. Computed recharge 
values and the measured linear distance for each location are shown in 
Table 8. 
Discharge through the sand and gravel was the only discharge vari­
able used in the "partial basin" method because values for other vari­
ables were considered to be insignificant. The alluvial and base flow 
discharge quantities contributed very little to the total discharge com­
puted for the total basin. The pumped discharge rate for other areas 
within the groundwater basin was considered to be quite small because 
of a predominantly rural area consisting of small farms and rural com­
munities. The discharge quantity was computed from measured values of grad­
ient, permeability and cross sectional area for each location. Gradient 
Table 8. Comparison of recharge and discharge for the total and 
partial basin approachs 
Location 
(See Figure 
23) 
Cross Sectional 
Area of Discharge 
(Feet^) 
Linear Distance 
above Location 
(Feet) 
cd jj 
o 
H 
ë 
0 
1 1.2 X 10 7.6 X 10" 
B 2.63 X 10^ 5.6 X 10^ 
C 1.77 X 10^ 1.2 X 10^ 
D 1.59 X 10^ 5.5 X 10^ 
E 1.96 X 10^ 9.66 X 10^ 
F 2.72 X 10^ 5.4 X 10^ 
G 3.41 X 10^ 6.5 X 10^ 
H 1.96 X 10^ 9.66 X 10^ 
I 2.69 X 10^ 8.36 X 10^ 
J 4.4 X 10^ 3.7 X 10^ 
K 1.07 X 10^ 7.13 X 10^ 
L 1.54 X 10^ 3.59 X 10^ 
M 2.72 X 10^ 2.9 X 10^ 
N 3.17 X 10^ 3.48 X 10^ 
0 1.87 X 10^ 1.2 X 10^ 
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Discharge Through 
Sand and Gravel 
(Average gpd) 
Bedrock Recharge 
Model A (Maximum) Model B (Minimum) 
(gpd) (gpd) 
9. 6 X 10^ 
L(low) 4.6 X 10^ 
A(ave) 5.4 X lo' 
L(low) 2.3 X 10^ 
A(ave) 2.5 X lo' 
8. X 10^ 
L(low) 1.8 X 10^ 
A(ave) 2.0 X 10 
L(low) 9.4 X 10% 
A(ave) 9.3 X 10 
5. X 10^ 
L(low) 3.2 X 104 
A(ave) 3.6 X 10^ 
L(low) 1.7 X 104 
A(ave) 1.6 X 10^ 
3. X 10^ 
L(low) 1.7 X 10^ 
A(ave) 2.0 X lO' 
L(low) 9.1 X 10^ 
A(ave) 9.0 X 10^ 
5. X 10^ 
L(low) 2.3 X 10^ 
A(ave) 2.6 X 10° 
L(low) 1.2 X 104 
A(ave) 1.2 X 10° 
5.5 X 10^ 
L(low) 1.7 X 10^ 
A(ave) 1.9 X 10? 
L(low) 8.9 X 10% 
A(ave) 8.8 X 10 
9. X 10^ 
L(low) 1.0 X 10^ 
A(ave) 1.2 X 10^ 
L(low) 5.4 X 10^ 
A(ave) 5.3 X 10^ 
5. X 10^ 
L(low) 3.0 X loj 
A(ave) 3.5 X 10^ 
L(low) 1.6 X 104 
A(ave) 1.6 X 10^ 
1. X 10^ 
L(low) 4.8 X 10^ 
A(ave) 5.5 X 10° 
L(low) 2.5 X 10% 
A(ave) 2.5 X 10° 
6. X 10^ 
L(low) 7.8 X 10^ 
A(ave) 8.9 X 10° 
L(low) 4.0 X 104 
A(ave) 4.0 X 10^ 
4. X 10^ 
L(low) 4.1 X 104 
A(ave) 4.7 X 10^ 
L(low) 2.2 X 10% 
A(ave) 2.1 X 10^ 
5. X 10^ 
L(low) 1.1 X loj 
A(ave) 1.3 X 10° 
L(low) 6.0 X 103 
A(ave) 5.9 X 10^ 
8. X 10^ 
L(low) 5.5 X 10^ 
A(ave) 6.3 X 10° 
L(low) 2.9 X 10% 
A(ave) 2.8 X 10° 
6. X 10^ 
L(low) 7.2 X 103 
A(ave) 8.2 X 10^ 
L(low) 3.8 X 10^ 
A(ave) 3.7 X 10^ 
4. X 10* 
L(low) 2.4 X 10^ 
A(ave) 2.8 X 10° 
L(low) 1.3 X 10% 
A(ave) 1.3 X 10° 
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and permeability values were determined respectively from the piezo-
metric map and from pump tests using the Jacob method. The cross 
sectional area of the sand and gravel was determined from the sand and 
gravel isopach map (Figure 16). The permeability value which was near­
est to the location of each cross section was used for the computation 
of each discharge value. Two permeability values were considered useful. 
These were determined from pump tests conducted in the cities of Jewell 
and Stanhope. The values are: 
Stanhope: 4.25 X 10^ gpd/ft^ 
Jewell: 3.01 X 10^ gpd/ft^ 
Table 8 shows the comparison of recharge and discharge for each of 
these locations. It is apparent that the discharge values were again 
between the low (L) and average (A) values of Model A and Model B esti­
mates of bedrock recharge. 
Thus, the estimates of discharge for all areas in the Upper Skunk 
River Basin lie between the low (L) and average (A) values of Model A (max­
imum) and Model B (minimum) estimates for bedrock recharge. Because it is 
assumed that recharge is approximately equal to discharge, it is evident 
that a realistic estimate of recharge would exist within the range between 
low (L) and average (A) values. The high (H) values of bedrock recharge 
for Models A and B were not considered because they were considerably 
higher than the estimated value of discharge when the "total basin" ap­
proach was used. It is somewhat confusing to compare two sets of ranges 
(low (L)-average (A) and Model A-Model B estimates). Therefore, three 
different sets of conditions for defining the limits of recharge were 
considered. 
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Condition one involved using the lower (L) value of the Model B 
(minimum) estimate for the lower limit and using the average (A) value 
of the Model A (maximum) estimate for the upper limit. This would pro­
duce a lower and upper limit of bedrock recharge of 0.23 mgpd and 
54 mgpd, respectively. Therefore, discharge would be 9.37 mgpd greater 
than the lower limit of recharge and 44.4 mgpd less than the upper limit 
of recharge. 
Condition two involved the elimination of one of the models. If 
the estimate of discharge is valid, a smaller difference between discharge 
and recharge values, representing Models A and B, would appear to be 
a more realistic condition. It is apparent from Table 7 that the 
difference is greater for Model A as compared to that made with Model 
B. Therefore, if Model A is eliminated, and Model B is used for setting 
the limits of bedrock recharge, a lower limit of .23 mgpd and upper 
limit of 25 mgpd can be used. Thus, discharge would be 9.37 mgpd 
greater than the lower limit of bedrock recharge and only 15.4 mgpd 
less than the upper limit of bedrock recharge. 
Condition three involved the assumptions that models A and B occur 
in equal abundance throughout the study area and that all three values 
for each model occur in equal proportions. If these assumptions are 
made, the high, low and average values for both Models A and B bedrock 
recharge estimates are averaged together. An average of 61.5 mgpd 
and 25.4 mgpd was found for Model A and Model B recharge estimates, re­
spectively. The two model estimates were then averaged together because 
of the assumption that Models A and B occur in equal abundance. The 
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total average representing these two assumptions would be 43.5 mgpd. 
This would be comparable to the upper limit used in the condition one 
approach where the average value of Model A was used as the upper limit • 
This would be considerably more than the estimated discharge when com­
pared with the results of condition two in which only Model B was used. 
If the first or third conditions for determining the limits of bed­
rock recharge is used, it is apparent that bedrock recharge might ex­
ceed discharge at least a portion of the time. According to the assump­
tion that recharge must approximately equal discharge, the higher values 
would seem unlikely unless other variables of discharge have not been 
accounted for. If discharge is a realistic estimate, the higher limits 
set by these two methods would seem unrealistic. Therefore, it was con­
cluded that only the condition two approach is valid and that the upper 
and lower limits of bedrock recharge are .23 mgpd and 25 mgpd, re­
spectively. If the recharge is below the discharge estimate of 9.6 mgpd, 
one of two conditions may exist. The City of Ames and the University are 
accountable for a major portion of the discharge from the basin (5 
mgpd) and would, therefore, be taking more water out than there would be 
recharging into the groundwater system. This is referred to as ground­
water mining. However, the city appears not to be mining the water from 
the groundwater system. Ver Steeg (1968) measured the actual and analog 
model draw-downs for the well field in the City of Ames and found that 
only a 20-foot draw-down occurred when six wells were pumped at a rate of 
1000 gpm or a total of 9,8 mgpd. The other condition is that of excess 
discharge due to contribution from surface recharge. It was assumed that 
surface recharge was insignificant when averaged over a long period of 
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time of several years. Therefore, it was not used in the subsurface 
water budget equation. However, measured base flow does include water 
from surface recharge. Dius, it is xmlilely that excess discharge would be 
due to groundwater mining but rather due to the fact that surface re­
charge was not taken into account in the subsurface groundwater budget. 
It can be concluded that a reasonable value of groundwater recharge 
can be estimated by using several assumptions and by defining the ground­
water basin. The groundwater recharge estimates appear to be generally 
valid when compared with estimated discharge. It was also apparent 
that a reasonable set of limits for bedrock recharge could be achieved " 
by using average (A) and low (L)value s of tie Model B bedrock recharge 
estimate. It is also important to note that the City of Ames is pump­
ing within this range and that it is probable that the city is not 
mining its water supply. The city might be able to pump up to as much 
as the upper estimated bedrock recharge limit of 25 mgpd without mining 
the groundwater system. 
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IV. SUMMARY 
A. Bedrock Topography 
1. The Squaw and Des Moines bedrock channels are connected by a 
narrow channel southeast of Stratford. Connections between the Squaw 
and Jordan bedrock channels occur northeast of Boone, and a bedrock 
channel extends to the northeast from Ames in the vicinity of 13th 
Street. 
2. The Skunk, Squaw, and Des Moines bedrock channels are reflected 
by the modern surface drainages of the Skunk River, Squaw Creek, and 
Des Moines River, respectively. 
3. The northeast-southwestern and southeast-northwestern trending 
bedrock channels resemble a shear fracture pattern indicating that the 
development of the channels in this region was controlled structurally 
by joint and fault systems. 
4. Constant depth and subdatum maps showing resistivity values 
did not adequately reflect the bedrock topography. This was probably due 
to the general occurrence of shales near the bedrock surface. 
B. Bedrock Characteristics 
5. Lateral facies changes exist within the bedrock giving rise to 
major unconformities between the St. Louis and Gilmore City,and between 
the Pennsylvanian system and the Keokuk-Burlington formations. 
6. Structural highs which cause the Gilmore City to occur near the 
surface are noted in the Jewell and Webster City areas in addition to 
the structural high evident in the vicinity of Ames. 
7. Limestones near the surface appear to produce high resistivity 
values as compared to shales or till. 
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C. Water Quality 
8. Nitrate apparently moves from the surface into the deeper 
sands and bedrock. 
9. Areal variations in groundwater may be the result of local 
stagnation of groundwater and aerial variation of bedrock material. 
D. Regolith Characteristics 
10. Sand appears to blanket the bedrock in the deeper bedrock 
channels near the 800-foot contour and intermittently occurs on the 
bedrock surface above the 800-foot contour. 
11. Greater thicknesses of sands were found to be associated with 
bedrock topographic lows while less sand is associated with the bedrock 
topographic highs. A general absence of sand was evident above the 
850-foot and 950-foot bedrock topographic contours in the southern and 
northern portions of the topographic basin, respectively. 
12. Sand bodies appear to thicken into fewer but larger sand 
bodies within the regolith of the study area. 
13. Three till sequences are noted within the study area. It is 
apparent that some of them have been replaced by sands and gravels follow­
ing periods of erosion. 
14. Resistivity curves proved to be helpful in defining not only 
the bedrock surface but also the existence of till plugs within the 
bedrock channe1s. 
15. Sands may be indicated by resistivity curves where they are 
underlain by limestone. 
16. A till plug apparently exists within the bedrock channel inlet 
southeast of Stratford. 
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17. A groundwater divide was drawn across the bedrock channel 
outlets northeast of Boone between the Jordan and Squaw channels and 
southwest of Ames between the Jordan channel and the confluence of the 
Skunk and Squaw channels. A steeper hydraulic gradient and the apparent 
existence of till in the general areas provide evidence for till plugs 
in these areas. 
E. Hydraulic Continuity 
18. The similarity of groundwater quality between the bedrock, 
channel and shallow sands indicates that the three potential aquifers 
are hydraulically connected,and that a transfer of ions is occurring 
by conduction or diffusion between the three zones. 
19. The Upper Mississippian aquifer in the Nevada area is in 
hydraulic continuity with the rest of the study area. However, the 
regolith sands and gravels and Pennsylvanian sandstone in this area 
form a separate groundwater system. 
20. A general hydraulic continuity between the bedrock, channel 
sands and shallow sands is also indicated by the general coincidence of 
piezometric surfaces for the tïiree zones. 
F. Bedrock Recharge 
21. Bedrock recharge contributes significantly to the groundwater 
system within the groundwater basin of the Upper Skunk River 
Basin. 
22. A first approximation estimate of bedrock recharge is between 
.23 mgpd and 25 mgpd. Condition 2 was used for estimating recharge. 
Therefore, lower and average recharge values for Model B were used as 
limits. 
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23. The City of Ames apparently is not mining groundwater because 
the present pumping rate falls within the upper and lower limit of the 
estimated bedrock recharge. 
24. The City of Ames might be able to pump up to as much as the 
upper estimated bedrock recharge limit of 25 mgpd without mining the 
groundwater system. 
G. General 
In addition, it is important to note that the method of approach 
used in this study was quite successful in defining the characteristics 
of a groundwater basin. Moreover, this approach has set the stage for 
more detailed field Investigations in the future. A reasonable first 
approximation of the subsurface groundwater budget and bedrock recharge 
can also be made using the methods introduced in this study. 
However, further work is needed because this study was only a pre­
liminary investigation. Additional drilling is needed to verify the 
existence of bedrock valleys and outlets of the groundwater basin, and 
to verify the possible existence of till plugs within the bedrock 
valley outlets. Pump tests are needed throughout the study area in 
order to evaluate the aerial and vertical distribution of permeability 
of the sands and bedrock. An EDF mathematical model using the digital 
computer should be developed to more accurately show the response of 
groundwater flow to the characteristics of the groundwater basin. This 
model could be used for regional planning of water-use similar to the 
methods used for planning pump fields for municipalities. 
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VII. APPENDIX A: LOCATIŒS OF BOREHOLE DATA 
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Borehole Data 
Well Number Legal Description 
1-1 NW%, mk, NW% Sec. , 30 T 85N R 24W 
1-3 NW%, SW%, NW^ Sec. , 24 T 85N R 25W 
1-4 NW%, SW%, NW% Sec. 24 T 85N R 25W 
1-5 SW%, NW%, NW% Sec. 23 T 85N R 25W 
1-6 SE%, SW%, SE% Sec. 14 T 85N R 25W 
1-8 NE%, SE%, SW% Sec. 15 T 85N R 25W 
1-9 NW%, NW%, NW% Sec. 22 T 85N R 25W 
1-12 SW%, SW%, SE% Sec. 21 T 85N R 25W 
1-13 NEt, NE%, NE% Sec. 34 T 85N R 25W 
1-14 C, SW%, NW% Sec. 35 T 85N R 25W 
1-15 C, E%, W%, NE% Sec. 27 T 85N R 25W 
1-16 mk, NW%, NW% Sec. 3 T 84N R 25W 
1-19 SE%, NE%, NE% Sec. 23 T 85N R 25W 
1-21 SE%, NW%, SEk Sec. 22 T 85N R 25W 
1-22 NE%, NW%, NE% Sec. 14 T 85N R 25W 
1-24 SE%, SE%, SE% Sec. 3 T 84N R 25W 
1-26 NW%, NE%, NW% Sec. 19 T 85N R 25W 
1-28 SW%, SW%, SW% Sec. 5 T 85N R 25W 
1-29 C, E%, SE% Sec. 6 T 85N R 25W 
1-30 SE%, SE%, SW% Sec. 18 T 85N R 25W 
1-32 NW%, SE^, SW% Sec. 17 T 85N R 25W 
1-33 (5-264) NE%, NE%, NW% Sec. 17 T 83N R 25W 
1-34 NE%, SEk, NE% Sec. 17 T 85N R 25W 
1-36 NW%, NW%, NW% Sec. 8 T 85N R 25W 
1-37 NE%, SEk, NE% Sec. 7 T 85N R 25W 
1-38 SE%, SE%:, NE% Sec. 1 T 85N R 26W 
1-39 C, N%, SEk Sec. 36 T 86N R 26W 
1-41 C, SE%, SW% Sec. 16 T 85N R 25W 
1-42 SW%, SE^, SW% Sec. 7 T 85N R 25W 
1-43 SW%, SW%, SE% Sec. 12 T 85N R 26W 
1-44 SW%, SE%, SE^ Sec. 31 T 86N R 25W 
Well Number 
1-45 
1-46 
1-47 
1-49 
1-50 
1-51 
1-52 
1-53 
1-54 
1-55 
1-56 
1-57 
1-58 
1-59 
1-60 
1-61 
1-62 
1-63 
1-64 
1-65 
1-66 
1-67 
1-68 
1-69 
1-70 
1-71 
1-75 (5-72) 
1-76 
1-77 
1-78 
1-79 
1-80 
1-81 
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Legal Description 
NE%, SW%, SE% Sec. . 19 T 86N R 25W 
SW%, SW%, SE% Sec. , 17 T 86N R 25W 
SW%, NW%, NW% Sec. 21 T 86N R 25W 
NE%, NW%, NW% Sec. 32 T 86N R 25W 
NW%, NE%, NE% Sec. 32 T 86N R 25W 
NW%, SW%, SE% Sec. 26 T 86N R 26W 
NE%, NE%, SE% Sec. 27 T 86N R 26W 
SEk, SE%, NE% Sec. 2 T 85N R 26W 
NE%, NE%, NE% Sec. 10 T 85N R 26W 
NW%, NW%, SW% Sec. 2 T 85N R 26W 
SE%, SE^, SE% Sec. 28 T 86N R 26W 
SW%, SW%, SW% Sec. 22 T 86N R 26W 
C, SW%, NW% Sec. 34 T 86N R 26W 
NW%, SW%, SE% Sec. 30 T 86N R 25W 
SW%, SW%, SW% Sec. 27 T 86N R 26W 
SE%, NE%, SE^ Sec. 21 T 86N R 26W 
NW%, NW%, mk Sec. 27 T 86N R 26W 
NW%, NW%, SW% Sec. 21 T 86N R 26W 
NE%, NW%, NE% Sec. 21 T 86N R 26W 
SW%, NW%, SW% Sec. 15 T 86N R 26W 
NW^, SW%, SW% Sec. 25 T 86N R 26W 
SW%, NW%, NW% Sec. 36 T 86N R 26W 
c,  s%, SW% Sec. 11 T 86N R 26W 
W%, SE% Sec. 20 T 86N R 26W 
NW%, NW%, SE% Sec. 12 T 86N R 26W 
C, E%, SE%, SE% Sec. 4 T 86N R 24W 
SW%, SE%, SE% Sec. 1 T 86N R 25W 
SW%, SW%, SE% Sec. 21 T 86N R 24W 
NW%, SE%, SEk Sec. 22 T 86N R 25W 
C, NW^, NW% Sec. 28 T 86N R 25W 
NW%, NW%, NE% Sec. 3 T 86N R 26W 
c, sw%, sw% Sec. 23 T 86N R 25W 
NE%, NW%, NW% Sec. 26 T 86N R 25W 
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Well Number Legal Description 
1-82 NW%, NE%, NE% Sec. 21 T 86N R 24W 
1-83 SE%, NE% Sec. 16 T 86N R 24W 
1-86 SW%, SW%, NW% Sec. 34 T 86N R 25W 
1-87 NE^, NE%, SE% Sec. 28 T 86N R 25W 
1-88 SE%, NE%, NE^ Sec. 19 T 86N R 25W 
1-89 NW%, NW%, NW% Sec. 19 T 86N R 25W 
1-90 NE%, NW%, NE% Sec. 23 T 86N R 26W 
1-91 (5-241) SE%, NW%, NE% Sec. 8 T 85N R 25W 
1-92 SW%, NW%, SWi- Sec. 8 T 84N R 25W 
1-93 C, NW^, SW% Sec. 24 T 86N R 26W 
1-94 C, SW%, SW% Sec. 10 T 86N R 26W 
1-95 SE%, NE%, NE% Sec. 22 T 86N R 26W 
1-96 SVIk, SW%, SE% Sec. 13 T 86N R 26W 
1-97 C, SW% Sec. 23 T 86N R 26W 
1-98 SW%, SM%, mk Sec. 23 T 86N R 26W 
1-99 NW%, NW&;, SW% Sec. 18 T 86N R 26W 
1-101 (5-261) C, N%, NW%, NW% Sec. 20 T 84N R 24W 
1-102 C, N%, NW^ Sec. 20 T 84N R 24W 
1-104 C, NW%, SW% Sec. 6 T 84N R 24W 
1-105 SE%, NE%, NE% Sec. 6 T 85N R 24W 
1-106 SE%, SE%, SE% Sec. 6 T 85N R 24W 
1-120 NE%, NE%, SW% Sec. 23 T 84N R 24W 
1-121 SW%, SEk, NE% Sec. 34 T 86N R 23W 
1-122 (5-222, 1-23) SW%, NW%, NW% Sec. 14 T 85N R 25W 
1-123 SE%, SE%, NE% Sec. 22 T 84N R 24W 
1-130 SE%, SM%, SW% Sec. 12 T 85N R 26W 
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Well Number Legal Description 
5-16 C, N%, NE%, SE% Sec. 25 T 83N R 26W 
5-17 Nw%, mk Sec. 7 T 83N R 25W 
5-18 SW%, SE% Sec. 3 T 83N R 25W 
5-19 SE^, NE%, NE% Sec. 36 T 84N R 25W 
5-20 C, SW% Sec. 19 T 84N R 24W 
5-21 C, NE%, NE% Sec. 6 T 84N R 24W 
5-22 C, SE%, SE% Sec. 14 T 84N R 24W 
5-23 c, W%, W% Sec. 16 T 82N R 24W 
5-24 W%, NW% Sec. 16 T 84N R 24W 
5-25 NE%, SW%, NW% Sec. 7 T 85N R 26W 
5-26 C, S%, SE% Sec. 6 T 83N R 25W 
5-27 C, SW%, SE% Sec. 34 T 83N R 24W 
5-28 NWi;, NE%, NE% Sec. 20 T 83N R 26W 
5-29 SW%, SWèf Sec. 2 T 84N R 24W 
5-30 C, E%, NE% Sec. 3 T 84N R 24W 
5-31 SW%, SE% Sec. 36 T 86N R 26W 
5-32 SW%, NW% Sec. 5 T 84N R 25W 
5-33 c, s%, s% Sec. 35 T 83N R 25W 
5-34 N%, NW% Sec. 31 T 83N R 24W 
5-35 NW%, NE%, SE% Sec. 22 T 83N R 28W 
5-37 C Sec. 20 T 84N R 25W 
5-38 C, SE%, SW%, SW% Sec. 26 T 84N R 25W 
5-39 C, NW^, NW^ Sec. 12 T 83N R 25W 
5-40 NW%, SE%, SW% Sec. 29 T 84N R 25W 
5-41 C, SE%, NE% Sec. 25 T 83N R 25W 
5-42 C, NE%, SE% Sec. 23 T 84N R 25W 
5-44 W%, NW%, NW% Sec. 26 T 83N R 25W 
5-45 C, W%, SE% Sec. 35 T 83N R 24W 
5-47 C, E%, NW%, NW% Sec. 19 T 85N R 25W 
5-48 C, NW%, SE%, SW% Sec. 18 T 84N R 25W 
5-49 C, NE%, NE% Sec. 29 T 83N R 24W 
5-52 c, s% Sec. 8 T 85N R 26W 
5-53 c, sw%, sw% Sec. 15 T 85N R 25W 
140 
Well Number Legal Description 
5-55 C, NW%, NW%, SW% Sec . 17 T 84N R 25W 
5-58 C, SE%, SW%, SW% Sec . 3 T 84N R 25W 
5-59 C, NW%, NE^ Sec, . 10 T 85N R 25W 
5-60 c, mk, sw%, sw% Sec, . 28 T 83N R 24W 
5-61 C, NW%, SE%, SW% Sec. , 25 T 84N R 25W 
5-63 C, SW%, NW^ Sec. , 16 T 84N R 25W 
5-64 C, NE%, SE% Sec. , 29 T 84N . -. R,25W 
5-66 C, SW%, SE%:, SW% Sec. 14 T 84N R 25W 
5-67 C, NE%, SEk, NE% Sec. 32 T 84N R 25W 
5-68 C, SE%, SW%, SW%, SW^ Sec. 35 T 83N R 24W 
5-69 C, SE%, SE^f, NE% Sec. 24 T 85N R 25W 
5-72 (1-75) C, SW%, SE%, SEk Sec. 1 T 86N R 25W 
5-73 C, N%, SE% Sec. 10 T 86N R 24W 
5-74 SW%, NW^, mk Sec. 34 T 87N R 24W 
5-75 C, NE% Sec. 33 T 87N R 24W 
5-76 C, SW%, SW% Sec. 23 T 83N R 25W 
5-79 C, NE%, NW%, SE% Sec. 19 T 84N R 25W 
5-80 C, S%, SE^, SW% Sec. 16 T 84N R 25W 
5-81 C, SW%, NE% Sec. 19 T 84N R 25W 
5-82 C, SEk, SW%, SW% Sec. 19 T 87N R 25W 
5-83 C, E%, SE%, SW% Sec. 18 T 87N R 25W 
5-84 C, SW%, NW^, SW% Sec. 28 T 86N R 26W 
5-88 C, SW%, NE%, mk Sec. 18 T 83N R 25W 
5-91 S%, SE% Sec. 29 T 84N R 25W 
5-92 C, NW%, NE%, SE% Sec. 24 T 87N R 24W 
5-93 C, NE%, SE% Sec. 28 T 87N R 24W 
5-94 C, NE%, SE%, NE% Sec. 28 T 87N R 24W 
5-95 NE%, SE% Sec. 28 T 87N R 24W 
5-96 C, NW%, NW% Sec. 34 T 87N R 24W 
5-97 C Sec. 35 T 89N R 24W 
5-108 C, SE%, SE%, NW% Sec. 7 T 86N R 26W 
5-109 C, SW%, SE%, NW% Sec. 7 T 86N R 26W 
5-110 C, SEk, SW%, SE% Sec. 7 T 86N R 26W 
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Well Number Legal Description 
5-114 c, mk, Nw% Sec. 20 T 85N R 25W 
5-115 C, N%, NW%, NW% Sec. 20 T 85N R 25W 
5-116 C, SW%, NW%, NW% Sec. 20 T 85N R 25W 
5-117 c, sw%, sw%, sw% Sec. 12 T 84N R 24W 
5-120 SE%, NE%, NE%, NE% Sec. 10 T 84N R 24W 
5-121 C, Sk, SW%, SE% Sec. 35 T 86N R 24W 
5-122 NW%, SE% Sec. 18 T 85N R 25W 
5-123 E%, Eh, SW% Sec. 9 T 85N R 24W 
5-124 SW%, NW% Sec. 8 T 83N R 24W 
5-125 SE%, NE% Sec. 1 T 84N R 26W 
5-127 C, N%, SE% Sec. 16 T 86N R 24W 
5-130 C, E%, E%, NW% Sec. 31 T 85N R 23W 
5-133 C, NE%, SE% Sec. 35 T 87N R 24W 
5-139 S%, S%, s%, sw% Sec. 23 T 86N R 24W 
5-143 SE%, SE%, NE%, SE% Sec. 10 T 85N R 24W 
5-147 SE%, NE%, mk Sec. 33 T 84N R 24W 
5-149 SW%, SW%, SW% Sec. 31 T 85N R 23W 
5-151 c, s%, s%, s% Sec. 35 T 84N R 25W 
5-152 C, S%, SE%, SW% Sec. 35 T 84N R 25W 
5-154 NW%, SN%, SWè; Sec. 20 T 84N R 24W 
5-155 E%, SE%, NE% Sec. 20 T 85N R 24W 
5-156 N&, N%, NE% Sec. 18 T 85N R 23W 
5-158 NW^, NE% Sec. 5 T 84N R 23W 
5-159 NW^ Sec. 23 T 87N R 25W 
5-160 N% Sec. 27 T 85N R 23W 
5-162 W%, NW% Sec. 26 T 85N R 24W 
5-163 N%, SW% Sec. 1 T 85N R 24W 
5-164 SE% Sec. 1 T 84N R 24W 
5-166 NW%, SE% Sec. 12 T 84N R 24W 
5-167 C, N%, N% Sec. 12 T 85N R 24W 
5-170 SW%, SW%, SW% Sec. 7 T 83N R 23W 
5-171 NW%, NW&; Sec. 18 T 83N R 23W 
5-172 SE%, SW%, SW% Sec. 31 T 84N R 23W 
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Well Number Legal Description 
5-173 NE%, , sw% Sec. 1 T 84N R 24W 
5-174 S% Sec. 4 T 85N R 24W 
5-176 (1-120) SEk, SE%, SE% Sec. 23 T 84N R 24W 
5-200 NE%, SE%, SEk Sec. 10 T 85N R 25W 
5-201 (1-7) sw%. SEk, SEk Sec. 15 T 85N R 25W 
5-202 (1-31) SW%, NW%, SW% Sec. 20 T 85N R 25W 
5-203 SE%, SEk, NE% Sec. 7 T 84N R 25W 
5-204 NW%, NW% Sec. 33 T 86N R 26W 
5-205 C , E%, SE^ Sec. 25 T 85N R 25W 
5-206 NW%, NE%, NW% Sec. 23 T 84N R 26W 
5-207 (1-25) mk. sw%. SW% Sec. 18 T 85N R 25W 
5-208 mk. mk. NW% Sec. 14 T 85N R 26W 
5-209 mk. NW%, NE&- Sec. 14 T 85N R 26W 
5-210 SEk, NE%, NE% Sec. 24 T 84N R 25W 
5-211 (1-40) mk. mk. mk Sec. 6 T 85N R 26W 
5-212 mk. SWk, SW% Sec. 14 T 85N R 25W 
5-213 SEk, SEk, NE% Sec. 5 T 84N R 24W 
5-214 SEk, NE%, NE% Sec. 25 T 85N R 25W 
5-215 sw%. mk. SW% Sec. 13 T 84N R 26W 
5-216 NW%, NE%, swi- Sec. 6 T 85N R 25W 
5-217 NE%, NE%, mk Sec. 20 T 85N R 25W 
5-218 mk. mk. svk Sec. 14 T 86N R 25W 
5-219 (1-36) mk. mk. mk Sec. 8 T 85N R 25W 
5-220 SEk, SEk, mk Sec. 31 T 85N R 25W 
5-221 (1-18) NW^, SW%, mk Sec. 33 T 85N R 25W 
5-222 (1-23,1-122) sw%, NW%, NW% Sec. 14 T 85N R 25W 
5-223 NE%, SEk, NE4; Sec. 9 T 84N R 25W 
5-224 SEk, NE%, SE% Sec. 5 T 84N R 25W 
5-225 swk. sw%, mk Sec. 3 T 84N R 25W 
5-226 SEk, SE%, SEk Sec. 11 T 84N R 25W 
5-227 SEk, SEk, SEk Sec. 35 T 87N R 26W 
5-228 c. s%. sw% Sec. 19 T 85N R 25W 
5-229 sw%, sw%. mk Sec. 32 T 85N R 25W 
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Well Number Legal Description 
5-230 SE%, SW%, SW% Sec. , 16 T 85N R 26W 
5-231 C, NW% Sec. 18 T 84N R 25W 
5-232 (1 -27) SE%, SE%, NE% Sec. 18 T 85N R 25W 
5-233 NW%, NE%, NW% Sec. 29 T 85N R 25W 
5-234 SW%, SW%, SW% Sec. 28 T 85N R 25W 
5-235 C, W%, SEt, NE% Sec. 22 T 85N R 25W 
5-236 SE%, NE%, SE% Sec. 15 T 85N R 25W 
5-237 SE%, SE%, NE% Sec. 10 T 85N R 26W 
5-238 (1 -93) SW%, NW^, SW% Sec. 24 T 86N R 26W 
5-239 C, W%, NE%, NE% Sec. 9 T 84N R 25W 
5-240 SE%, SE%, SE^ Sec. 7 T 86N R 25W 
5-241 (1--91) SE%, mk, NE% Sec. 8 T 84N R 25W 
5-242 NE%, SE%, mk Sec. 18 T 84N R 25W 
5-243 SE%, SE%, SE^ Sec. 14 T 85N R 26W 
5-244 NW^, SW%, NW% Sec. 17 T 84N R 25W 
5-245 NW%, SW%, SW% Sec. 17 T 84N R 25W 
5-246 NW^, NE%, NW% Sec. 31 T 85N R 24W 
5-247 NE%, SEt, NE% Sec. 39 T 85N R 25W 
5-248 SE%, SE%, SW% Sec. 13 T 85N R 25W 
5-249 NW%, SW%, SW% Sec. 4 T 84N R 25W 
5-250 NW%, mk, NW% Sec. 15 T 84N R 25W 
5-251 SE%, SE%, SW% Sec. 5 T 85N R 25W 
5-252 SW%, SE%, SW% Sec. 8 T 84N R 25W 
5-253 NW%, SE%, NE% Sec. 18 T 85N R 26W 
5-255 SW%, NW%, SW% Sec. 4 T 83N R 25W 
5-256 SW%, SW%, SW% Sec. 33 T 84N R 25W 
5-257 SW%, NW^j, NW% Sec. 21 T 86N R 26W 
5-258 sw%, sw%, sw% Sec. 1 T 84N R 25W 
5-259 SE%, SW%, SE% Sec. 17 T 84N R 25W 
5-260 (1-120) SW%, SW%, SE% Sec. 7 T 84N R 24W 
5-262 sw%, sw%, SW% Sec. 15 T 86N R 24W 
5-263 SW%, SE%, SE% Sec. 13 T 84N R 25W 
5-265 (1-74) NW%, NN%, NE% Sec. 25 T 86N R 25W 
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5-266 sw%. NE%, NW% Sec. 8 T 00
 
R 25W 
5-267 NE%. SE%, SE% Sec. 8 T 85N R 24W 
5-268 NW%, NW%, NW% Sec. 18 T 84N R 25W 
5-335 C, E%, SW%, NE% Sec. 14 T 84N R 24W 
5-336 NW%, NW%, SW% Sec. 14 T 84N R 24W 
5-337 SE%, SE%, SW%f Sec. 2 T 84N R 24W 
5-338 NE%, NE%, SE% Sec. 36 T 85N R 24W 
5-339 c, sw%. NE%, NW% Sec. 6 T 84N R 23W 
5-340 NE%, SE%, NW% Sec. 13 T 84N R 24W 
5-341 sw%. NE%, NE% Sec. 22 T 84N R 24W 
5-342 C, N% Sec. 22 T 84N R 24W 
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6-1 mk, sw%, sw% Sec. 8 T 86N R 23W 
6-2 NE%, NW% Sec. 30 T 86N R 23W 
6-3 SE%, SEk, NE% Sec. 3 T 86N R 24W 
6-4 NW%, SE^, SW% Sec. 4 T 86N R 24W 
6-5 SE%:, SW% Sec. 4 T 86N R 24W 
6-6 SW%, SE%, SW% Sec. 7 T 86N R 24W 
6-7 NW%, NW%, NW% Sec. 8 T 86N R 24W 
6-8 C Sec. 8 T 86N R 24W 
6-9 SE^, NE%, NE% Sec. 17 T 86N R 24W 
6-10 W%, NW% Sec. 21 T 86N R 24W 
6-11 SW^, SW%, SW% Sec. 9 T 86N R 24W 
6-12 NE%, NE%, NE% Sec. 26 T 86N R 24W 
6-13 SW%, SW% Sec. 25 T 86N R 24W 
6-14 NE%, NE%, NE% Sec. 32 T 86N R 24W 
6-15 SW%, NW% Sec. 5 T 86N R 25W 
6-16 C Sec. 4 T 86N R 25W 
6-17 swk, SW%, NW% Sec. 5 T 86N R 25W 
6-18 s%, SW%, SE% Sec. 10 T 86N R 25W 
6-19 swiî, sw%, SE% Sec. 16 T 86N R 25W 
6-20 s&, sw%, sw% Sec. 30 T 86N R 25W 
6-21 dp SW^, SW%, SE% Sec. 32 T 86N R 25W 
6—21 sh SW%, SW%, SE% Sec. 32 T 86N R 25W 
6-22 SE%, SW% Sec. 7 T 86N R 26W 
6-23 NW%, SW% Sec. 7 T 86N R 26W 
6-24 SW%, NW% Sec. 18 T 87N R 23W 
6-25 SW%, SE%, SE% Sec. 15 T 87N R 23W 
6-26 C, S%, SE%, SW% Sec. 8 T 87N R 23W 
6-27 C, S%, SE% Sec. 22 T 87N R 23W 
6-28 SE%, SW%, SW% Sec. 30 T 87N R 23W 
6-29 NW%, NW%, SW% Sec. 30 T 87N R 23W 
6-30 NW%, NW%, SW% Sec. 30 T 87N R 23W 
6-31 NE%, SW%, NW% Sec. 32 T 87N R 23W 
6-32 NE%, NW^, NE% Sec. 21 T 87N R 24W 
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6-33 SW^, SE%, SW% Sec. . 30 T 87N R 24W 
6-34 SE%, NE% Sec, , 12 T 87N R 24W 
6-35 NE%, SW%, SW% Sec. , 24 T 87N R 24W 
6-36 SW%, SW% Sec. 24 T 87N R 24W 
6-37 mk, SE%, NW% Sec. 23 T 87N R 24W 
6-38 sw%, mk, NW% Sec. 34 T 87N R 24W 
6-39 SE%, SE%, SEk Sec. 31 T 87N R 24W 
6-40 NE%, SE%, SE%, SE% Sec. 25 T 87N R 24W 
6-41 NE%, SE%, SE% Sec. 5 T 87N R 25W 
6-42 E%, NE%, NE% Sec. 4 T 87N R 25W 
6-43 SW%, NW%, NW^ Sec. 34 T 87N R 24W 
6-44 NW%, NW%, NE% Sec. 11 T 87N R 25W 
6-45 SW%, SW%, SW% Sec. 9 T 87N R 25W 
6-46 mk, SE% Sec. 6 T 87N R 25W 
6-47 SE%, SW%, SE% Sec. 15 T 87N R 25W 
6-48 N%, NE% Sec. 15 T 87N R 25W 
6-49 SW%, SE%, SEi Sec. 7 T 87N R 25W 
6-50 NE%, NE%, mk Sec. 27 T 87N R 25W 
6-51 NE%, NE% Sec. 26 T 87N R 25W 
6-52 SW%, NW% Sec. 17 T 87N R 25W 
6-53 NW%, NW%, SVk Sec. 1 T 87N R 26W 
6-54 SW%, SE%, SE% Sec. 32 T 87N R 25W 
6-55 sw% Sec. 29 T 87N R 25W 
6-56 NE%, NE%, NE%: Sec. 2 T 88N R 23W 
6-58 NW%, NE% Sec. 1 T 88N R 23W 
6-59 NE%, SEk, SE% Sec. 2 T 87N R 26W 
6-60 NW%, mk Sec. 14 T 87N R 26W 
6-61 SE%, mk Sec. 19 T 87N R 26W 
6-62 NW%, NW% Sec. 12 T 88N R 23W 
6-63 SW^ Sec. 7 T 88N R 23W 
6-64 mk, NE%, NW% Sec. 3 T 88N R 23W 
6-65 mk, Nw%, mk Sec. 35 T 88N R 23W 
6-66 NW% Sec. 22 T 88N R 23W 
6-67 SE%, SW%, SW% Sec, 19 T 88N R 23W 
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6-68 SW%, SE%, NE% Sec. 1 T 88N R 24W 
6-69 SW%, SW% Sec. 30 T 88N R 23W 
6-70 NE% Sec. 26 T 88N R 23W 
6-71 NW%;, NE%, NWèj Sec. 18 T 88N R 24W 
6-72 C, W%, SW%, Sec. 18 T 88N R 24W 
6-73 SE%, NE% Sec. 15 T 88N R 24W 
6-74 SE%, mk Sec. 24 T 88N R 24W 
6-75 NW%, NW%, NW% Sec. 23 T 88N R 24W 
6-76 SE%, NE%, NE% Sec. 19 T 88N R 24W 
6-78 NE%, NW% Sec. 36 T 88N R 24W 
6-79 NE%, mk, NE% Sec. 29 T 88N R 24W 
6-80 mk, SN%, NW% Sec. 6 T 88N R 25W 
6-81 sw%, sw%, Sec. 6 T 88N R 25W 
6-82 SE%, NW%, NW% Sec. 6 T 88N R 25W 
6-83 SW%, SW% Sec. 8 T 88N R 25W 
6-85 NW^, SW%, NW% Sec. 6 T 88N R 25W 
6-86 NW^, NW%, NE% Sec. 27 T 88N R 25W 
6-87 E%, NE% Sec. 25 T 88N R 25W 
6-88 NW%, NW%, SWi- Sec. 18 T 88N R 25W 
6-89 NEè;, NE% Sec. 36 T 88N R 25W 
6-90 SE%, SW% Sec. 31 T 88N R 25W 
6-91 NE%, SE^, SE% Sec. 31 T 88N R 25W 
6-92 NE%, NW%, NE% Sec. 1 T 88N R 26W 
6-93 NE%, SE%, NE% Sec. 1 I 88N R 26W 
6-94 NE%, NE%, NE% Sec. 1 T 88N R 26W 
6-95 NW%, SW% Sec. 4 T 88N R 26W 
6-96 NE%, mk, NE% Sec. 1 T 88N R 26W 
6-97 NE%, SEk, SW% Sec. 8 T 88N R 26W 
6-98 NES, NE%, NW% Sec. 8 T 88N R 26W 
6-99 NW%, NW%, SW% Sec. 5 T 88N R 26W 
6-100 SE%, SW%, SW% Sec. 20 T 88N R 26W 
6-101 C Sec. 2 T 88N R 26W 
6-102 SW^, NW%, SW% Sec. 16 T 88N R 26W 
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6-103 SE^, NW%, SE% Sec. , 34 T 88N R 26W 
6-104 NE%, NW%, NW% Sec. , 23 T 88N R 26W 
6-105 SE%, NW%, NE^ Sec. , 34 T 88N R 26W 
6-106 E% Sec. 27 T 89N R 23W 
6-107 SE%, SE%, NE% Sec. 17 T 89N R 23W 
6-108 SEk, SE%, NE% Sec. 27 T 89N R 23W 
6-109 SEk, SE%, NE% Sec. 27 T 89N R 23W 
6-110 NW^, NW%, SW% Sec. 7 T 89N R 24W 
6-111 SW%, NW%, mk Sec. 12 T 89N R 24W 
6-112 SW%, NW% Sec. 15 T 89N R 24W 
6-113 SW%, SW%, NW% Sec. 2 T 89N R 24W 
6-114 C, N%, SE% Sec. 4 T 89N R 24W 
6-116 NW^, NW%, NE% Sec. 26 T 89N R 24W 
6-117 SE%, NE% Sec. 16 T 89N R 24W 
6-118 NE%, NW%, SE% Sec. 35 T 89N R 24W 
6-119 SW%, NE%, SE% Sec. 18 T 89N R 24W 
6-120 C, W%, SW% Sec. 25 T 89N R 25W 
6-121 SE%, SW%, NE% Sec. 23 T 89N R 25W 
6-122 C, S%, S%, NE% Sec. 19 T 89N R 25W 
6-123 NEi- Sec. 31 T 89N R 25W 
6-124 SE%, SE%, SE% Sec. 32 T 89N R 25W 
6-125 SE%, SE%, SE% Sec. 32 T 89N R 25W 
6-126 SW^, SE%, SW% Sec. 26 T 8 9N R 25W 
6-127 NW%, NW%, SE% Sec. 30 T 89N R 25W 
6-128 C, E%, SW%, SE% Sec. 30 T 89N R 25W 
6-131 mk, SE%, SE% Sec. 33 T 89N R 25W 
6-132 C, S%, SW%, SEk Sec. 36 T 89N R 25W 
6-133 SE%, NW^j, mk Sec. 3 T 89N R 26W 
6-134 SW%, SW%, NW% Sec. 5 T 89N R 26W 
6-135 NE% Sec. 8 T 89N R 26W 
6-136 NE%, NW%, SW% Sec. 11 T 89N R 26W 
6-137 NE%, NW% Sec. 13 T 89N R 26W 
6-138 NE%, NE%, NW% Sec. 8 T 89N R 26W 
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6-139 C, E%, SW% Sec. 10 T 89N R 26W 
6-140 NW%, NW%, NE% Sec. 10 T 89N R 26W 
6-141 NE%, NE%, NW% Sec. 20 T 89N R 26W 
6-142 SE%, SE%, SW% Sec. 19 T 89N R 26W 
6-143 SE%, SW% Sec. 18 T 89N R 26W 
6-144 NE%, NE%, NW% Sec. 18 T 89N R 26W 
6-145 SE% Sec. 33 T 89N R 26W 
6-146 SW%, NW% Sec. 28 T 89N R 26W 
6-147 NW%, NW%, SW% Sec. 27 T 89N R 26W 
6-148 SE%, SE%, SEk Sec. 33 T 89N R 26W 
6-149 SW%, SW% Sec. 34 T 89N R 26W 
6-150 SE%, SW%, SW% Sec, 34 T 89N R 26W 
6-152 SW%, SE%, SE% Sec. 15 T 88N R 26W 
6-153 NW%, NW%, NE% Sec. 11 T 88N R 26W 
6-154 NW%, NW%, NW% Sec. 10 T 88N R 26W 
6-155 NE%, SE%, NE% Sec. 6 T 89N R 23W 
6-202 E%, NW% Sec. 21 T 82N R 21W 
6-208 SE%, SE%, SE% Sec. 36 T 82N R 21W 
6-210 NE%, NW% Sec. 6 T 82N R 22W 
6-211 SE%, NE%, NE% Sec. 12 T 82N R 22W 
6-212 NW%, SE% Sec. 7 T 82N R 22W 
6-213 SE^ Sec. 20 T 82N R 22W 
6-214 SW%, SE% Sec. 21 T 82N R 22W 
6-216 SE^, SE%, NW% Sec. 27 T 82N R 22W 
6-217 S%, NE% Sec. 2 T 82N R 23W 
6-220 NE%, SEk Sec. 23 T 82K R 23W 
6-221 SW%, SE% Sec. 4 T 82N R 24W 
6-222 NEt, NWi;, NE% Sec. 5 T 82N R 24W 
6-223 NW%, NE%, NW% Sec. 7 T 82N R 24W 
6-224 NEt, SE%, NE% Sec. 17 T 82N R 24W 
6-225 NE%, NE%, NE% Sec. 8 T 82N R 24W 
6-226 SE%, SE%, SW^ Sec. 8 T 82N R 24W 
6-227 NE%, NE% Sec. 26 T 82N R 24W 
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6-228 See thorp logs Sec. 23 T 82N R 24W 
6-229 SE%, SW%, SE% Sec. , 23 T 82N R 24W 
6-230 SEk, SW%, SE% Sec, , 30 T 82N R 24W 
6-231 NE%, SVk, SEk Sec. , 30 T 82N R 24W 
6-233 sw%, mk, SEk Sec. 30 T 82N R 24W 
6-236 SE%, SE%, SVIk Sec. 5 T 83N R 21W 
6-237 SE%, SW%, SW% Sec. 3 T 83N R 21W 
6-238 NE%, SEt, NE% Sec. 5 T 83N R 21W 
6-239 C, SE% Sec. 6 T 83N R 21W 
6-240 C Sec. 8 T 83N R 21W 
6-242 SW%, NW%, NE% Sec. 22 T 83N R 21W 
6-247 mk, Nw%, mk Sec. 28 T 83N R 2iW 
6-250 mk, NW%, NE^ Sec. 3 T 83N R 22W 
6-251 SE%, NE% Sec. 1 T 83N R 22W 
6-252 SE^, SEk Sec. 2 T 83N R 22W 
6-253 swk, mk, NWi; Sec. 5 T 83N R 22W 
6-254 SE%, SW%, SW% Sec. 5 T 83N R 22W 
6-256 SE%, SE%, SWk Sec. 6 T 83N R 22W 
6-258 SE%, SE%, SE% Sec. 6 T 83N R 22W 
6-259 SE%, SWk, SW% Sec. 6 T 83N R 22W 
6-260 SE%, SE%:, SEk Sec. 6 T 83N R 22W 
6-261 mk, SWk, SEk Sec. 6 T 83N R 22W 
6-262 CNL, SE%, NW% Sec. 8 T 83N R 22W 
6-263 SE%, SW%, SE% Sec. 8 T 83N R 22W 
6-264 SVIk, mk, mk Sec. 8 T 83N R 22W 
6-265 c, N%, mk Sec. 9 T 83N R 22W 
6-266 mk, mk, NW% Sec. 9 T 83N R 22W 
6-267 mk, SE% Sec. 11 T 83N R 22W 
6-268 S%, SWi", NE% Sec. 12 T 83N R 22W 
6-269 SE%, SE% Sec. 12 T 83N R 22W 
6-270 sw%, sw%, sw% Sec. 15 T 83N R 22W 
6-271 mk Sec. 18 T 83N R 22W 
6-272 S%, Sk, SE% Sec. 20 T 83N R 22W 
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6-273 SE%, SE%, SW% Sec. 21 T 83N R 22W 
6-274 NE%, SE%, SW^ Sec. 29 T 83N R 22W 
6-276 SE%, SW%, SW% Sec, 22 T 83N R 22W 
6-277 SE%, SE%, NE% Sec. 29 T 83N R 22W 
6-278 SE%, SW%, SW% Sec. 5 T 83N R 23W 
6-281 SE% Sec. 17 T 83N R 23W 
6-282 SW%, SE% Sec. 6 T 83N R 23W 
6-283 C, E%, NE%, SE% Sec. 10 T 83N R 23W 
6-284 s%. SE%, SE% Sec. 11 T 83N R 23W 
6-285 NE%, Sec. 23 T 83N R 23W 
6-286 SE%, SW%, NE^ Sec. 17 T 83N R 23W 
6-287 SE% Sec. 21 T 83N R 23W 
6-288 NE% Sec. 21 T 83N R 23W 
6-289 SW%, SEk Sec. 22 T 83N R 23W 
6-290 NE% Sec. 24 T 83N R 23W 
6-312 NW%, SW% Sec. 15 T 83N R 24W 
6-317 NE%, SW% Sec. 16 T 83N R 24W 
6-321 SE%, SW% Sec. 16 T 83N R 24W 
6-322 NW%, sw%, Sec. 16 T 83N R 24W 
6-323 SW%, SE% Sec. 16 T 83N R 24W 
6-326 NW%, sw% Sec. 27 T 83N R 24W 
6-327 sw% Sec. 21 T 83N R 24W 
6-328 SE%, NE%, SE% Sec. 20 T 83N R 24W 
6-329 NE%, SE% Sec. 33 T 83N R 24W 
6-330 sw%. 
f
 
1
 
Sec. 27 T 83N R 24W 
6-331 NE%, NE%, NE% Sec. 28 T 83N R 24W 
6-334 SW%, NW% Sec. 36 T 83N R 24W 
6-335 SE%, SE%, SWk Sec. 36 T 83N R 24W 
6-336 NE%, NE%, NE% Sec. 35 T 83N R 24W 
6-364 SE%, SW^t Sec. 15 T 83N R 24W 
6-365 N%, SW% Sec. 15 T 83N R 24W 
6-366 SE%, SE%, NE% Sec. 14 T 83N R 24W 
6-377 SEi Sec. 18 T 84N R 21W 
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6-382 NE% Sec. , 30 T 84N R 21W 
6-383 SW% Sec. 30 T 84N R 21W 
6-384 NW%, mk Sec. 29 T 84N R 24W 
6-388 Sec. 12 T 84N R 22W 
6-389 NE%: , SE%, SW% Sec. 13 T 84N R 22W 
6-390 SE%, SE^ Sec. 13 T 84N R 22W 
6-392 SE%, , SE%, SEk Sec. 16 T 84N R 22W 
6-393 NE% Sec. 34 T 84N R 22W 
6-394 SW%, SW% Sec. 29 T 84N R 22W 
6-395 SW%, SE% Sec. 24 T 84N R 22W 
6-396 NW%, NW^, SE% Sec. 22 T 84N R 22W 
6-397 NW% Sec. 32 T 84N R 22W 
6-398 SW% Sec. 7 T 84N R 23W 
6-399 NW% Sec. 18 T 84N R 23W 
6-400 NE%, SEk Sec. 7 T 84N R 23W 
6-401 sw%, SE%, SE% Sec. 6 T 84N R 23W 
6-402 SW%, SW%, SWir Sec. 15 T 84N R 23W 
6-403 NWt, NW%, NW% Sec. 19 T 84N R 23W 
6-404 NW%, NW%, NW% Sec. 19 T 84N R 23W 
6-405 NW% Sec. 19 T 84N R 23W 
6-406 NW%, NW% Sec. 22 T 84N R 23W 
6-408 NE%, NE% Sec. 34 T 84N R 23W 
6-409 NW%, NW%, SE% Sec. 36 T 84N R 23W 
6-410 sw%. SW%, SW% Sec. 15 T 84N R 23W 
6-412 s% Sec. 4 T 84N R 24W 
6-413 SE%, SE% Sec. 2 T 84N R 24W 
6-414 NE%, SE%, SE% Sec. 15 T 84N R 24W 
6-415 sw/c. SE%, SE% Sec. 11 T 84N R 24W 
6-416 mk, sw% Sec. 14 T 84N R 24W 
6-417 SW%, NW% Sec. 21 T 84N R 24W 
6-418 NE%, SW%, NW% Sec. 21 T 84N R 24W 
6-419 SE%, SW% Sec. 23 T 84N R 24W 
6-420 (140, 433) NW^, SW% Sec. 15 T 84N R 24W 
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6-421 SW%, NE%, NW^ Sec. , 21 T 84N R 24W 
6-422 C/S Line, NW% Sec. 21 T 84N R 24W 
6-424 
f 
1
 
1
 Sec. 24 T 84N R 24W 
6-426 SE%, SE% Sec. 23 T 84N R 24W 
6-428 NE%, NW% Sec. 23 T 84N R 24W 
6-430 NW%, mk Sec. 25 T 84N R 24W 
6-431 NE%, NE%, NE% Sec. 24 T 84N R 24W 
6-435 C/WL, NE% Sec. 24 T 84N R 24W 
6-436 SW%, SW%, SW% Sec. 28 T 84N R 24W 
6-439 SW%, SEk, NW% Sec. 36 T 84N R 24W 
6-440 SW%, NE%, NE% Sec. 33 T 84N R 24W 
6-441 C/NE, NW% Sec. 35 T 84N R 24W 
6-442 SW%, NW%, NWi- Sec. 35 T 84N R 24W 
6-467 SE%, NW%, NE% Sec. 22 T 8 5N R 22W 
6-468 NE%, NE% Sec. 24 T 85N R 22W 
6-469 SW%, NW% Sec. 25 T 85N R 22W 
6-470 SE%, NE% Sec. 33 T 85N R 22W 
6-472 (109, 405) NW%, SW%, SW% Sec. 20 T 85N R 23W 
6-473 Ç, swi- Sec. 14 T 85N R 23W 
6-475 NE%, SW% Sec. 14 T 85N R 23W 
6-476 SW%, SW% Sec. 14 T 85N R 23W 
6-477 NW%, NE% Sec. 9 T 85N R 24W 
6-478 NE%, SE% Sec. 30 T 85N R 24W 
6-479 NE%, NW%, SE% Sec. 12 T 85N R 24W 
6-480 SE%, SE%, SW% Sec. 14 T 85N R 24W 
6-481 SE%, SW% Sec. 19 T 85N R 24W 
6-482 SW%, SEk, NW% Sec. 22 T 82N R 22W 
6-483 SW%, SE%, SW%; Sec. 2 T 82N R 23W 
6-484 C, NW% Sec. 32 T 85N R 23W 
6-485 C, W%, SW% Sec. 5 T 84N R 23W 
6-604 SE%, SW% Sec. 24 T 82N R 25W 
6-611 . SE% Sec. 28 T 82N R 25W 
6-616 Madrid Sec. 6 T 82N R 25W 
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6-622 NE% Sec. 36 T 82N R 25W 
6-623 NE%, SW% Sec. 5 T 82N R 26W 
6-626 SW%, SW% Sec. 16 T 82N R 26W 
6-627 E%/C Sec. 10 T 82N R 26W 
6-628 SW%, NW% Sec. 17 T 82N R 26W 
6-651 SE%, , NW^, SE% Sec. 35 T 82N R 26W 
6-654 NW% Sec. 4 T 82N R 27W 
6-655 SW^, SW% Sec. 10 T 82N R 27W 
6-656 NW%, NW% Sec. 18 T 82N R 27W 
6-658 SE% Sec. 8 T 83N R 25W 
6-659 SE%, SW% Sec. 24 T 83N R 25W 
6-660 SE%, , NE%, SE% Sec. 17 T 83N R 26W 
6-662 SE%, NE%, SE%, NE% Sec. 21 T 83N R 26W 
6-666 NE%, NE% Sec. 21 T 83N R 26W 
6-669 SE%, SE% Sec. 25 T 83N R 27W 
6-670 NE%, SE% Sec. 12 T 83N R 27W 
6-671 NE%, NW% Sec. 36 T 83N R 27W 
6-674 NE%, NW% Sec. 32 T 83N R 28W 
6-675 NW%, NE%, SE% Sec. 12 T 84N R 25W 
6-676 NW%, SW% Sec. 13 T 84N R 25W 
6-677 NW% Sec. 21 T 84N R 25W 
6-678 sw%. SE%, SEk Sec. 29 T 84N R 25W 
6-679 SE% Sec. 1 T 84N R 26W 
6-681 SEk, SE%, SW^ Sec. 23 T 84N R 26W 
6-682 SW% Sec. 22 T 84N R 26W 
6-683 C, SW% Sec. 21 T 84N R 26W 
6-701 NE%, NEi; Sec. 3 T 84N R 27W 
6-702 NW% Sec. 1 T 84N R 27W 
6-703 NE%, NE% Sec. 3 T 84N R 27W 
6-704 NE%, NE% Sec. 3 T 84N R 27W 
6-705 SE%, SE%, SW% Sec. 13 T 84N R 27W 
6-714 sw% Sec. 32 T 84N R 28W 
6-718 NW%, NE% Sec. 10 T 85N R 25W 
6-720 NW/C Sec. 25 T 85N R 25W 
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6-721 SW%, 
1
 
1
 Sec. 11 T 
00 
R 27W 
6-722 Nw%, mk Sec. 20 T 00
 
R 25W 
6-723 NE% Sec. 24 T 
CO 
R 26W 
6-725 NE%, SE% Sec. 15 T 85N R 27W 
6-726 SW/C Sec. 35 T 
00 
R 27W 
6-727 
f 
1
 Sec. 35 T 
00 
R 27W 
6-728 NW%, NW%, NW% Sec. 9 T 00
 
R 28W 
6-729 SW/C Sec. 35 T 
00 
R 27W 
6-732 NW%, SW%, NW% Sec, 15 T 00
 
R 28W 
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7-1 C, S Line Sec. 6 T 84N R 23W 
7-2 C, N Line, NE% Sec. 7 T 84N R 23W 
7-3 NW%, NE% Sec. 7 T 84N R 23W 
7-4 C, N Line Sec. 19 T 84N R 23W 
7-5 C, N Line Sec. 7 T 84N R 23W 
7-6 N Line , NW%, NW%, NW^ Sec. 8 T 84N R 23W 
7-7 C, S Line, NW^ Sec. 5 T 84N R 23W 
7-8 NW%, SE^ Sec. 7 T 85N R 23W 
. 7-11 C, S Line, SW|- Sec. 18 T 85N R 23W 
7-12 NE%, SW% Sec. 18 T 85N R 23W 
7-13 NW Corner Sec. 32 T 85N R 23W 
7-14 C, N Line Sec. 31 T 85N R 23W 
7-15 C, W Line, SE% Sec. 30 T 85N R 23W 
7-23 C, N Line Sec. 30 T 83N R 23W 
7-24 C, N Line Sec. 18 T 83N R 23W 
7-25 SE%, SW% Sec. 7 T 83N R 23W 
7-26 N Line Sec. 6 T 83N R 23W 
7-27 sw%, SW% Sec. 8 T 83N R 23W 
7-28 SW%, NE% Sec. 6 T 83N R 23W 
7-29 N Line, NW%, NW% Sec. 15 T 83N R 23W 
7-30 C, S Line, SE%, SW% Sec. 6 T 83N R 23W 
7-31 C, N Line Sec. 3 T 83N R 23W 
7-33 C, W Line, NW% Sec. 14 T 83N R 24W 
7-37 C, SE% Sec. 11 T 83N R 24W 
7-39 NE%, SW% Sec. 7 T 83N R 22W 
7-40 NE%, SE% Sec. 18 T 83N R 22W 
7-41 c, mk Sec. 13 T 83N R 24W 
7-42 C, W Line, SW% Sec. 27 T 82N R 22W 
7-43 W%, NW%, NW% Sec. 14 T 83N R 24W 
7-44 C, NE%, NW%, NE% Sec. 4 T 83N R 24W 
7-46 C, s Line, SE%, NW^, SE% Sec. 33 T 84N R 24W 
7-53 C, W Line Sec. 3 T 83N R 24W 
7-55 NW Corner Sec. 17 T 83N R 24W 
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S Line, NW%, NE% Sec. , 15 T 83N R 24W 
C, W Line, NW% Sec. 15 T 83N R 24W 
NW Corner Sec. 6 T 83N R 25W 
NW Corner Sec. 4 T 83N R 26W 
NW Corner Sec. 4 T 83N R 26W 
S Line, SW%, SE% Sec. 32 T 84N R 26W 
C, S Line Sec. 32 T 84N R 26W 
SW%, SW% Sec. 31 T 84N R 26W 
SE%, SW%, NE% Sec. 14 T 85N R 27W 
SE%, SE%, NW% Sec. 34 T 82N R 26W 
SW% Sec. 35 T 84N R 27W 
C, S Line, NW% Sec. 9& T 88N R 24W 
10 
C, S Line, SW% Sec. 9 T 89N R 23W 
C, S Line Sec. 30 T 86N R 23W 
S Line, SW% Sec. 19 T 86N R 23W 
N Line, NE% Sec. 19 T 88N R 23W 
N Line, NE% Sec. 34 T 88N R 23W 
C, N Line Sec. 31 T 85N R 25W 
SW% Sec. 15 T 89N R 25W 
NW% Sec. 12 T 87N R 24W 
C, SL Sec. 34 T 86N R 23W 
NW% Sec. 1 T 89N R 26W 
SW%, SW% Sec. 36 T 86N R 24W 
C, N Line Sec. 17 T 89N R 25W 
SE%, SW%, SW% Sec. 16 T 87N R 26W 
C, E Line Sec. 30 T 86N R 24W 
C, S Line Sec. 1 T 87N R 24W 
NE Corner Sec. 25 T 87N R 24W 
S Line, SW% Sec. 30 T 86N R 23W 
W Line, NW% Sec. 32 T 86N R 24W 
S Line, SW% Sec. 9 T 86N R 23W 
W Line, NW% Sec. 9 T 89N R 23W 
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Well Number Legal Description 
22W SW Corner, NW%, SW%, SW% 
Mem. U. Well 
Sec. , 3 T 83N R 24W 
23W E, I.S.U. Pow. PI. #5 Well 
NW%, NW%, SW% 
Sec. 3 T 83N R 24W 
27W NE%, SE%, Ames Mun. Airport Sec. 15 T 83N R 24W 
28W NW Corner, NW%, NW% 
Cons. Comm. Well 
Sec. 14 T 83N R 24W 
SOW SE%, NE%, Swg. Tr. PI. S. Ames Sec. 14 T 83N R 24W 
32T 100'E E S 2nd & Kgbry. Ave. 
NE%, NE%, NE% 
Sec. 11 T 83N R 24W 
3AT S. Duff, NW Corner, SW%, NE% Sec. 11 T 83N R 24W 
36T NW Corner, NE%:, SE%, NE% Sec. 11 T 83N R 24W 
37T 300'N SW Corner, SW%, NE^ Sec. 11 T 83N R 24W 
38T NW Corner S 3rd & S Klg. Ave. 
SE%, NWi 
Sec. 11 T 83N R 24W 
40T SE Corner LWay & Wash. Ave. 
NE%, NW% 
Sec. 11 T 83N R 24W 
41T SE Corner, NE%, NE% Sec. 10 T 83N R 24W 
42T SE Corner S4th & S.Oak Ave. 
SE%, SW%, NE% 
Sec. 10 T 83N R 24W 
43T SW Corner LWay & S.Oak Ave. 
NW%, NE%, NE% 
Sec. 10 T 83N R 24W 
49T NW Corner 13th & Alley, SE%, SW% 
bet. Klg. & Brnt. 
Sec. 35 T 84N R 24W 
54T S P.S. Field House, NW%, NW% Sec. 11 T 83N R 24W 
59T Ames, SW%, NW% Sec. 11 T 83N R 24W 
60W NE Corner 12th & Doug., NE%, NW% Sec. 2 T 83N R 24W 
64W 1% mi. S on Riverside, NW%, NW% Sec. 15 T 83N R 24W 
66W Ames, SW^, NE%, SW% Sec. 10 T 83N R 24W 
68W Meadow Lane Tr. Ct., SW%, SE% Sec. 11 T 83N R 24W 
70W 1 mi. E on 13th, C, S%, S% Sec. 36 T 84N R 24W 
76W College Well #8, SW%, NW% Sec. 3 T 83N R 24W 
85W Ames Rendering, C, NW% Sec. 1 T 83N R 24W 
88T SW Corner, Nwstrn. &9th 
NW%, SEky NE% 
Sec. 3 T 83N R 24W 
91W SW Corner, NE%, NE^, SE%, SW% Sec. 4 T 83N R 24W 
92T SE%, NE%, NE% Sec. 6 T 83N R 24W 
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Well Number Legal Description 
93T SW Corner, NE%, SEk, SE% Sec. 4 T 83N R 24W 
94T NE Corner, SE%, SE%, SW%, SE% Sec. 4 T 83N R 24W 
96W SW%, SW%, SW% Sec. 28 T 84N R 24W 
102 Nw%, mk Sec. 25 T 82N R 24W 
104 NW%, SW% Sec. 34 T 82N R 24W 
105 C, sw% Sec. 5 T 85N R 23W 
106 NW%, NE% Sec. 6 T 85N R 23W 
107 SWi, NE% Sec. 18 T 85N R 23W 
107W NW% Sec. 25 T 84N R 24W 
109W SW%, NW% Sec. 32 T 84N R 24W 
110 SEt, NE% Sec. 30 T 85N R 23W 
111 SE%, NE% Sec. 30 T 85N R 23W 
112 NW%, NW^ . Sec. 5 T 85N R 24W 
113 NW^j, NE% Sec. 6 T 85N R 24W 
114 NE%, NW% Sec. 10 T 85N R 24W 
114W NE%, SW% Sec. 12 T 83N R 24W 
115 NW%, SE% Sec. 13 T 85N R 24W 
115W SW%, SW%, SW% Sec. 16 T 83N R 24W 
116 SW%, SE% Sec. 13 T 85N R 24W 
117 mky NWi, NE% Sec. 14 T 85N R 24W 
118 NW%, NW% Sec. 14 T 85N R 24W 
119 SW%, SE% Sec. 14 T 85N R 24W 
121 SEt, SWi; Sec. 15 T 85N R 24W 
12IW Nw%, sw%, mk Sec. 16 T 83N R 24W 
122 NW%, NW% Sec. 16 T 85N R 24W 
123 SW%, NW% Sec. 16 T 85N R 24W 
124W C Sec. 16 T 83N R 24W 
125 SE%, NW% Sec. 20 T 85N R 24W 
126 SEt, SE% Sec. 20 T 85N R 24W 
127 NW%, NE% Sec. 21 T 85N R 24W 
128 SE%, SW% Sec. 21 T 85N R 24W 
129 SE%, mk Sec. 26 T 85N R 24W 
130 NW%, NW% Sec. 29 T 85N R 24W 
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Well Number Legal Description 
131 SE%, SE% Sec. , 35 T 85N R 24W 
133 SE%, SW^ Sec. 4 T 84N R 23W 
134T SE Corner, NE% Sec. 34 T 84N R 24W 
135 SE%, SE% Sec. 10 T 84N R 24W 
137 NE%, SEk Sec. 14 T 84N R 24W 
138 NE%, NE%, NE% Sec. 1 T 84N R 24W 
139T SE%, SW%, NE% Sec. 31 T 84N R 24W 
140T SE Comer, SE%, SW%, SW% Sec. 29 T 84N R 24W 
141 SW%, NE% Sec. 18 T 84N R 24W 
142 SE%, SE% Sec. 18 T 84N R 24W 
143 SE%, mk Sec. 20 T 84N R 24W 
143T NE%, mk, SE% Sec. 1 T 83N R 24W 
144T S%, SW%, SE%, SE% Sec. 7 T 84N R 24W 
144 C Sec. 20 T 84N R 24W 
145 NE%, SEk Sec. 22 T 84N R 24W 
146 (455) C, NW% Sec. 23 T 84N R 24W 
147 svk Sec. 23 T 84N R 24W 
148 W%, SE% Sec. 12 T 84N R 24W 
149T Animal Nutrition Farm 
SE%, NE% 
Sec. 30 T 84N R 24W 
150 SW%, NW% Sec. 7 T 85N R 23W 
151 NE%, SW% Sec. 9 T 85N R 24W 
152 NW%, NE% Sec. 22 T 85N R 24W 
152T NE%, NWi; Sec. 13 T 83N R 24W 
154T mk, NE% Sec. 18 T 83N R 23W 
156T C, S Line Sec. 7 T 83N R 23W 
161W % mi. W Ames on S US 30 
f sw%, NE%, mk 
Sec. 8 T 83N R 24W 
162W C, WL, NW%, NE% Sec. 8 T 83N R 24W 
171W NEt, SE% Sec. 17 T 83N R 24W 
173W NE%, SE% Sec. 17 T 83N R 24W 
178W N of Ontario, SE%, NW%, Sec. 32 T 84N R 24W 
179W % mi. off 30 on Ontario Rd. 
N%, SEk, SEk 
Sec. 6 T 83N R 24W 
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Well Number Legal Description 
301 SE/C, sw%, SW% Sec. 30 T 85N R 23W 
302 NW%, SE%, NW% Sec. 1 T 85N R 24W 
303 SE/C, NE%, SE% Sec. 2 T 85N R 24W 
304 sw%. sw%. SE% Sec. 9 T 85N R 24W 
306 SE/C, SW%, SE% Sec. 14 T 85N R 24W 
307 SW%, NW%, SW% Sec. 15 T 85N R 24W 
308 NE%, m, SE% Sec. 17 T 85N R 24W 
309 SW/C, SE%, sw%. NE% Sec. 18 T 85N R 24W 
310 SW%, NW%, sw%. NE% Sec. 19 T 85N R 24W 
311 SE/C, NE%, SE% Sec. 20 T 85N R 24W 
312 NW/C, NE%, NE%, NW% Sec. 24 T 85N R 24W 
313 NE%, NE%, SE% Sec. 25 T 85N R 24W 
314 w%. NE%, NE% Sec. 27 T 85N R 24W 
315 SW%, SE%, NE^ Sec. 30 T 85N R 24W 
316 NE/C Sec. 32 T 85N R 24W 
317 SE%, SE%, NW% Sec. 35 T 85N R 24W 
318 SW% Sec. 32 T 85N R 23W 
319 NW/C, NE% Sec. 6 T 84N R 23W 
320 s%. SE%, NW% Sec. 1 T 84N R 24W 
321 SE%, NW%, SE% Sec. 2 T 84N R 24W 
322 w%. NW%, SW% Sec. 4 T 84N R 24W 
323 SW/C, SE%, NE% Sec. 7 T 84N R 24W 
324 NE/C, SE%, NE% Sec. 8 T 84N R 24W 
325 w%. NE%, SW% Sec. 11 T 84N R 24W 
326 SE/C, NE%, NW% Sec. 5 T 84N R 23W 
327 NE%, NE%, SE% Sec. 14 T 84N R 24W 
328 sw%. SW% Sec. 13 T 84N R 24W 
329 c, SW% Sec. 13 T 84N R 24W 
330 NE%, SE%, SW% Sec. 13 T 84N R 24W 
331 NW%, SW%, SE% Sec. 13 T 84N R 24W 
332 SE%, SW%, SE% Sec. 13 T 84N R 24W 
333 sw%. SE%, SE% Sec. 13 T 84N R 24W 
334 NW%, NW%, NW% Sec. 25 T 84N R 24W 
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Well Number Legal Description 
402 SE/C, SW%, SW% Sec. 25 T 86N R 24W 
403 NE% Sec. 32 T 86N R 24W 
404 C Sec. 33 T 86N R 24W 
405 NW^, SW%, SW% Sec. 20 T 85N R 23W 
406 NE^ Sec. 5 T 85N R 24W 
408 NWC, SW% Sec. 12 T 85N R 24W 
409 NE%, NW%, SE% Sec. 12 T 85N R 24W 
411 SW/C, NW^, SW% Sec. 21 T 85N R 24W 
412 SW/C, SE% Sec. 21 T 85N R 24W 
414 SE/C, NE%, SE% Sec. 30 T 85N R 24W 
417 NW/C, NE%, NE% Sec. 7 T 84N R 23W 
419 NW/C, mk Sec. 18 T 84N R 23W 
421 SW%, NW% Sec. 18 T 84N R 23W 
422 SW/C, NW%, NW% Sec. 19 T 84N R 23W 
424 SE%, SW% Sec. 4 T 84N R 24W 
425 1200'S NE/Corner Sec. 11 T 84N R 24W 
426 NW/C, SE%, NE% Sec. 12 T 84N R 24W 
427 NE/C Sec. 14 T 84N R 24W 
429 NE%, NW%, NE% Sec. 15 T 84N R 24W 
431 NW/C, SW%, SW% Sec, 5 T 84N R 24W 
435 SE/C, SW%, NE% Sec. 20 T 84N R 24W 
437 NE/C, SE%, SE% Sec. 20 T 84N R 24W 
438 SW/C, NE%, NW% Sec. 21 T 84N R 24W 
439 NW% Sec. 21 T 84N R 24W 
440 SW/C, SE%, NW% Sec. 21 T 84N R 24W 
441 NW/C, SW% Sec. 21 T 84N R 24W 
443 N of Ames, NW%, NW% Sec. 23 T 84N R 24W 
445 NW%, SW% Sec. 23 T 84N R 24W 
446 E%, NW% Sec. 23 T 84N R 24W 
447 E%, SE% Sec. 23 T 84N R 24W 
450 NW/C, NE%, NEi; Sec. 24 T 84N R 24W 
451 NW/C, SW% Sec. 19 T 84N R 23W 
452 NW/C, SE% Sec. 25 T 84N R 24W 
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Well Number Legal Description 
456 SW%, SW% Sec. 22 T 84N R 24W 
457 SE/C Sec. 7 T 84N R 24W 
459 SE%, SE% Sec. 18 T 85N R 23W 
460 NW%, SEk Sec. 19 T 85N R 23W 
464 SE%, SW% Sec. 30 T 85N R 23W 
468 SE%, SE% Sec. 8 T 85N R 24W 
470 SE%, SE% Sec. 13 T 85N R 24W 
471 SE%, SW% Sec. 14 T 85N R 24W 
473 NW%, SW% Sec. 23 T 85N R 24W 
476 NE%, SE% Sec. 24 T 85N R 24W 
477 NE%, NW% Sec. 26 T 85N R 24W 
478 SE%, NE% Sec. 26 T 85N R 24W 
479 NE%, SE% Sec. 26 T 85N R 24W 
480 NW%, NE% Sec. 35 T 85N R 24W 
481 NW%, NE% Sec. 36 T 85N R 24W 
482 NE%, SW% Sec. 6 T 84N R 23W 
501 SE%, BE%, SE% Sec. 36 T 85N R 24W 
502 C, E%, E% Sec. 22 T 85N R 24W 
503 SW%, SE% Sec. 30 T 85N R 23W 
504 G, SE% Sec. 23 T 85N R 24W 
505 
î 
1
 Sec. 25 T 85N R 24W 
506 sw%. SW%, NE% Sec. 1 T 84N R 24W 
507 SW%, NE% Sec. 1 T 84N R 24W 
508 SE%, NW% Sec. 31 T 85N R 23W 
509 SE%, SE%, NE% Sec. 25 T 85N R 24W 
510 SE%, SE%, NE% Sec. 13 T 85N R 24W 
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Well Number Legal Description 
Oci sw%. sw%, NW% Sec. 24 T 84N R 24W 
OC2 NE% Sec. 24 T 84N R 24W 
OC3. sw%. SW% Sec. 23 T 84N R 24W 
OC4 NE%, SW% Sec. 23 T 84N R 24W 
OC5 se%, NW% Sec. 23 T 84N R 24W 
oce sw%. SW% Sec. 13 T 84N R 24W 
0C7 SEk, SW%, SE% Sec. 7 T 84N R 23W 
0=8 NE%, NE%, SE% Sec. 6 T 84N R 23W 
OC9 SE%, NW%, SE% Sec. 32 T 85N R 23W 
0=10 NE%, sw%, NE% Sec. 32 T 85N R 23W 
0=11 SE%, SE% Sec. 29 T 85N R 23W 
0=12 NE% Sec. 28 T 85N R 23W 
0=13 NE%, NE%, SE% Sec. 13 T 85N R 24W 
0=14 sw%. SE% Sec. 1 T 83N R 23W 
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VIII. APPENDIX B: BOREHOLE DATA 
Borehole Data 
Sand and Upper 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
Gravel 
Thickness 
Piezometrlc 
Subdatum 
Bedrock 
Sequence 
22 W 916 106 - - 883 -
23 W 894 340 724 76(21) - Ls(104)-Sh(58) 
27 W 824 118 - - 776 -
28 W 900 106 794 - - -
30 W 823 106 - - 798 -
32 T 894 79 815b - 887 -
34 T 883 86 - - 876 -
36 T 884 74 810 71(37) 878 Ls(l+) 
37 T 884 100 784 - 877 -
38 T 920 110 806 - 884 -
40 T 913 103 810 - 876 -
41 T 894 102 794 - 889 -
42 T 899 74 825 16 892 Ls(l+) 
43 T 913 94 823 - - -
49 T 922 146 804 48(5) - Ls(W-28) 
54 T 905 115 796 - - -
59 T 914 116 806 - - -
60 W 935 150 - - 875 -
64 W 918 141 781 - 872 -
66 W 892 103 - 88(26)+ 842 -
68 W 891 113 784 - 873 -
Well Total Bedrock 
number Elevation Depth Subdatum 
70 W 941 150 885 
76 W 920 143 -
85 W 893 53 836 
88 T 937 141 796 
91 W 955 2215 835 
92 T 1010 73 937 
93 T 912 103 -
94 T 914 86 810 
96 W 955 210 -
102 -? ? 991 
104 ? ? 915 
105 1000 80+ • 940 
106 ? ? 945 
107 1000 80 920b 
107 W 990 90 900 
109 W 945 304 860 
110 ? ? 888 
111 1000 100 915 
112 ? ? 855b 
113 ? ? 961 
114 1020 135 920 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
891 
922 Sh & 18(5+) 
939 
7(7) 881 
907 
885 
Ss(20)-Ls(17+) 
980 
935 
900 ls(30)-Cherty 
1032 
1000 
Well Total Bedrock 
Number Elevation Depth Subdatum 
114 W 985 171 -
115 1000 180 890 
115 W 970 305 825 
116 1000 181 918 
117 1020 100 920b 
118 1020 130 902 
119 1000 200 925b 
121 1002 90 912ab 
121 W 998 200 798 
122 1000 90 910ab 
123 1010 110 900ab 
124 W 980 315 840 
125 ? ? 967 
126 1060 237 995 
127 1020 170 850ab 
128 1050 112 960 
129 980 114 866b 
130 ? ? 882 
131 1000 40 960ab 
133 1030 80 950b 
134 T 965 93 872 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
880 
973±2 
895 
984 
985±5 
1005 
975 
+1002 
900 
988 
992 
875 
18(12) 
45(25) 
1025 
987±2 
1000 
972 
Sh(25) 
Ls(8-1+) 
Ls? 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
135 
137 
138 
139 T 
140 T 
141 
142 
143 
143 T 
144T 
144 
145 
146(455) 
147 
148 
149 T 
150 
151 
152 
152 T 
154 T 
? 
980 
980 
990 
976 
? 
? 
? 
950 
960 
920 
? 
? 
900 
920 
990 
? 
1020 
995 
876 
891 
? 
? 
165 
152 
131 
? 
? 
? 
148 
190 
180 
? 
? 
21 
? 
149 
? 
180 
? 
80 
36 
890 
910 
880 
838 
845 
752 
740 
764 
806 
785 
740b? 
810 
890 
897 
830 
879 
961 
920 
890b? 
801 
855b 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
Ss(P-5)-Dol 
(M-14+) 
920 Sh(l+) 
Sh(l+) 
41 - Sh(P-4)-Ls(l+) 
943 
870 -
+995 
62(20) - Sh(5+) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
156 T 915 60 855b 
161 W 1030 164 866b 
162 W 1010 180 858 
171 W 1000 225 855 
173 W 1005 228 854 
178 W 950 106 844b 
179 W 980 118 862b 
301 980 140 840b 
302 1020 50 970b 
303 1020 115 925 
304 1020 93+ 929? 
306 995 170 840 
307 1020 38 982b 
308 1020 80 940b 
309 1060 110 950b 
310 1050 58+ 992b 
311 1060 15 1045b 
312 1005 141 846b 
313 980 59+ 921b 
314 1020 103+ 917 
315 1040 128+ 912? 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
926 
3 930 Ls?(3)-Ss(25) 
910 
895 
905 
5+ 920 
9(6)+ -
10 - Sh(20) 
50(5) - Sh(15+) 
6(6)+ 
(0+) 
33+ 
(0+) 
1+ — — 
Ls(l+) 
60 - Ls(l+) 
Wei 
Numb 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
(33 
402 
Sand and Upper 
Elevation 
Total 
Depth 
Bedrock 
Subdatum 
Gravel 
Thickness 
Piezometric 
Subdatum 
Bedrock 
Sequence 
1020 88+ 934b 31+ - -
1020 49+ 971? - - Ls(l+) 
950 25 - 10(10) - Ls(8) 
950 140 - 97+ - -
1015 70+ 945b - - -
1040 90+ 949b - - -
1000 90+ 905? - - -
960 117+ 843? - - -
980 90+ - 1+ - -
1000 120 880b - - -
1000 70 835 - - -
981 42 939b - - -
969 30 920 0+ - -
910 56 877 23(23) - Ls(3)-Ls&Sh(21) 
914 55 882 - - -
989 40 949b - - -
998 40 948b - - -
1004 44 968 - - -
1009 55 972 2(2) - Ls(12)-Ss(6) 
1020 286+ 985 0 1015 Sh(P-52)-Ss 
(S-13) 
1040 165+ 875b 25 1005 -
Wei 
Numb 
404 
405 
406 
408 
409 
411 
412 
414 
417 
419 
421 
422 
424 
425 
426 
427 
429 
431 
435 
437 
Sand and Upper 
Elevation 
Total 
Depth 
Bedrock 
Subdatum 
Gravel 
Thickness 
Piezometric 
Subdatum 
Bedrock 
Sequence 
1020 200+ 870 (15) - Sh(50) 
980 150+ 857 45 955 Dol(40) 
1020 176+ 861 - - Ss(56) 
1010 153+ - 2(1) - Sh(3)-Ss(10) 
972 261+ - 15 - Del(K-25) 
1060 142+ 965? - - -
1040 207+ 946? - - Sh&Coal(105) 
1040 190+ - 3+ - -
1000 127+ 965 - 948 -
1020 275+ 948 - - -
1040 75 980 0 - Dol(S-5)-Dol 
(W-10) 
1020 285+ 845 - - -
980 151+ - - 915 -
1020 347+ 894 23(23) 949 Ls&Sh(24) 
990 138+ 872 - - -
1000 136 871 38 - Ls(4) 
985 102+ - 36 - Ls(l+) 
960 150 855b - - -
970 196+ 774 - - -
970 265+ 750 30 - Ls(30)-Ss(10) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
438 980 355+ 918 
439 980 105+ 880 
440 975 96+ 881 
441 975 186+ 790 
443 940 220+ 842 
444 950 60+ 890 
445 900 52+ 849 
446 970 103+ 907? 
447 980 250+ 935 
450 1000 200+ 800 
451 1030 70+ 960 
452 980 20+ 970 
456 950 42+ 908 
457 960 335+ 750 
459 980 90 -
460 1000 103 -
464 946 80 -
468 998 110 888b 
470 980 128 852b 
471 1009 140 900b 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
7 - Ls(2I)-Ls&Sh 
(100) 
10 - Ls(l+) 
0 - Dol(l+) 
47(36) 893 L8(l+) 
- 902 -
0 - Ls(l+) 
950 Sh&Dol(K-90) 
968 
990 
951 
(0+) +998 
945 
991 
473 
476 
477 
478 
479 
480 
481 
482 
501 
502 
503 
504 
505 
506 
Sand and Upper 
Elevation 
Total 
Depth 
Bedrock 
Subdatum 
Gravel 
Thickness 
Piezometric 
Subdatum 
Bedrock 
Sequence 
1000 75 - - +1000 -
983? ? - - 983? -
986 62 920b - 990 -
980 100 855b - 987 -
875? 
- -
?875 
-
1005? 108 868b 8(6) 1005 Sh & Ls(4) 
963 - - - 980 -
940 30 ? - +940 -
957 ? - - 940 -
991 ? - - 995 -
944 ? - - 960±2 -
986 ? - - 990 -
979 ? - - 988 -
1014 120 894b - 950 -
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
1- 1 1000 200 BOOab 
1- 3 1100 400 700ab 
1- 4 1010 35 975b 
1- 5 1040 200 840b 
1- 6 1060 216 844ab 
1- 8 1020 197 
155sh 
823ab 
865b 
1- 9 1004 80 924b 
1- 12 1080 37 sh 
488 
1043b 
780 
1- 13 960 158 812b 
1- 14 955 60 895b 
1- 15 1020 200 820b 
1- 16 1000 lOOapp. 900b 
1- 19 1025 300 725bb 
1- 21 975 115 860b 
1- 22 1080 263 817b 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
5(5+) 
979 
1050+ 
997+ 
960+ 
975 
964. 
993 
941 
+1000 
84^ 
+975 
1005+5 
Sand and Upper 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
Gravel 
Thickness 
Piezoraetric 
Subdatum 
Bedrock 
Sequence 
1- 24 1010 204 8o6ab 
- 925+5 -
1- 26 1120 220 900b 
-
-
-
1- 28 1045 40-50 1005b 
995b — 1025% -
1- 29 1070 50 
180 890b - 1061 -
1- 30 1120 257 863b - 1050+10 -
1- 32 1090 150 940b - - -
1- 33(5-264) 1020 27 
126 
924 
-
1010 
999 
Ls(lf) 
1- 34 1040 160-170 880b-870b - 1010+10 -
1- 36 1040 152 888b - 960+ -
1- 37 1020 70 950b - - -
00 A 1040 60 980b - 1032 -
1- 39 1040 • 38 1002b - 1022 -
1- 41 1060 120 940b - 1035+5 -
1- 42 1130 160 990b - 1060+ -
1- 43 1100 24 1076b +1100 •• 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
1- 44 
1- 45 
1- 46 
1- 47 
1- 49 
1- 50 
1- 51 
1- 52 
1- 53 
1- 54 
1- 55 
1- 56 
1- 57 
1- 58 
1- 59 
1025 
1060 
1100 
1090 
990 
1030 
1050 
1040 
1100 
1120 
1140 
1085 
1060 
1090 
1010 
42 
155 
155 
40 
100 
10% 
155 
28 
60 
170 
30 
180? 
519 
70-80 
240 
513 
75 
870b 
905b 
1060b 
990b 
978%b 
875b 
1022b 
980b 
930b 
1090b 
960b 
566ab 
820b 
577ab 
935b 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
1008.5+2.5 
+965 
9.75+ 
1075+ 
984+ 
1032+ 
1015 
+1100 
1105 
1125? 
95.0 
1038.5+2.5 
990+ 
975+ 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
•Subdatum 
1- 60 1075 130 945b 
1- 61 1080 136 944b 
1- 62 1065 420 645ab 
1- 63 1090 385 705ab 
1- 64 1090 150 940b 
1- 65 1090 135 955b 
1. 66 1060 50 1010b 
1. 67 1060 67 993b 
1. 68 1125 228 897b 
1- 69 1120 50 
240 880b 
1- 70 1125 60 
144 981b 
1- 71 1080 163 917b 
1- 75(5-72) 1125 200 
230 935 
1- 76 1035 10 855+lOb 
1- 77 1090 155 935ab 
1. 78 1060 145 915b 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
1023+ 
993 
97% 
950+10 
12+ 
<920 
<1039 
1055+ 
1055+ 
1019+ 
1020+ 
Sand and Upper 
Well 
Number Elevation 
Total 
Depth 
Bedrock Gravel 
Subdatuin Thickness 
Piezometric 
Subdatuffl 
Bedrock 
Sequence 
1- 79 1120 550 570ab ' 1070+ -
1- 80 1090 150 940b - -
1- 81 1080 400 680ab 
- -
1-82 1025 70 955b 1007+ -
1- 83 1060 165 895ab 1030+ -
1- 86 1025 250+ 775ab - -
1- 87 1060 160 900b 940 -
1- 88 1060 180 880b 
-
-
1- 89 1050 225-250 825b_800b 962 -
1. 90 1050 65 985b 1030+ -
1- 91(5-241) 1060 265-270 975ab_790ab _ 985+5 -
1- 92 1090 40-50 1050b-1040b -
-
-
1- 93(5-238) 1040 30 
102 
1010b 
875b 
1015+ 
978.5+2.5 -
1- 94 1100 486 6l4ab 1010+ -
1- 95 1070 345 725ab 970+10 -
1- 96 1075 237 838b — -
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
1- 97 1040 70 970b 
1- 98 1060 100 960b 
1- 99 1110 155 955b 
1-101(5-261) 920 240 740 
1-102 950 150 800b 
1-104 960 206 754ab 
1-165 1040 280 760ab 
1-106 1020 180 840b 
1-120(5-176) 955 100 871 
1-121 1050 90 960 ab 
1-122 1040 380 920 
1-123 935 101 834b 
1-130 1160 460 700ab 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatun 
Upper 
Bedrock 
Sequence 
1015+ 
1055.5±.5 
990+ 
+920 
944^+^ 
954 
1032+1 
+1050 
997+2.5 
900 
109% 
0 
Dol(3) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
5- 16 1105 100 1005b 
5- 17 1140 483 817 
5- 18 1060 210 850b 
5- 19 1020 223 840 
5- 20 980 248 840 
5- 21 980 117 904 
5- 22 960 75 920 
5- 23 1040 349 802 
5- 24 960 110 850b 
5- 25 1150 320 830b 
5- 26 1130 311 819b 
5_ 27 1000 240 772 
5- 28 1080 210 970 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
20+ 
12(2) 
10 
2(2) 
39(5)+ 
8+ 
35(20)+ 
1067 
920 
925 
945 
910 
940 
905 
860 
943.5+ 
9.25 
940 
890 
938 
Sh(44)-Ls & 
Sh & Ss(ll6) 
Sh(l8)-Ss & 
Ls(13)-Ss(8) 
Sh(30)-Sh & 
Ls(78) 
Sh(40) 
Ls(5)-Sh(10)-
Ls & Sh(65) 
Sand and Upper 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatuzn 
Gravel 
Thickness 
Piezometric 
Subdatum 
Bedrock 
Sequence 
5- 29 1010 160 907 - 950 Sh(5)-Ls(23) 
5- 30 1030 146 920 - 970 -
5- 31 1080 223 857b 31+ 986 -
5- 32 1060 168 892b 28+ 985 -
5- 33 1050 236 814b 
-
925 
-
5- 34 1040 220 820b - 925 -
5- 35 1100 469 945 - 895 -
5- 37 1080 215 875b 12+ - -
5- 38 1040 176 864b 
-
- -
5- 39 1050 160 890b - 964 -
5- 40 1100 240 860b - 920 -
5- 41 1040 216 824b - 935 -
5- 42 1020 130 890b 
-
930 -
5- 44 1060 224 836b - - -
5- 45 960 259 701? - 855 -
5- 47 1110 564 881 - 955 -
5- 48 1130 352 778b 930 -
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
5- 49 1020 172 848b 
5- 50 1024 195 829b 
5- 52 1180 275 905b 
5- 53 1004 146 848b 
5- 55 1100 220 880b 
5- 58 1020 485 802 
5- 59 1010 100 916 
5- 60 1010 182 828b 
5- 61 1040 176 864b 
5- 63 1060 183 877b 
5- 64 1080 213 867b 
5- 66 1030 380 858 
5- 67 1100 235 865b 
5- 68 960 198 762b 
5- 69 1020 107 913b 
5- 72 1125 190 935b 
Sand and 
Gravel 
Thickness 
PiezometriLc 
Subdatum 
Upper 
Bedrock 
Sequence 
6+ 
2 
9+ 
25f 
16 
30+ 
938 
923+1 
1080 
954 
941 
968 
992 
938 
919 
931 
930 
960 
940 
Ls & Sh(105)-
L3(135) 
Ls & Sh(170+) 
71(3)+ 
922 
1065 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
5- 73 1050 150 960 
5- 74 1095 70 1025b 
5- 75 1090 65 1025b 
5. 76 1057 214 843b 
5- 79 1120 260 880b 
5. 80 1060 190 870b 
5- 81 1140 270 870b 
5- 82 1145 250 990 
5- 83 1150 344 1014 
5- 84 1080 306 875 
5- 88 1120 517 838 
5-91 1100 251 849b 
5- 92 1090 135 965 
5- 93 1090 448 1007 
5- 94 1090 58 1032b 
5- 95 1090 73 1018 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
16(2)+ 
+1050 
1094 
1076 
939 
915 
935 
920 
940 
Sh(40).Sh & Ls 
(40) 
Sh(l0)-Ls(12) 
coal(l)-Ss & 
Sh(40) 
40+ 952 
1074 
29(19)+ 
Well Total Bedrock 
Number Elevation Depth Subdatum 
5- 96 1095 64 1031b 
5- 97 1215 455 1105 
5-108 1110 495 760 
5-109 1110 1345 1098 
5-110 1110 634 670 
5-114 1100 - 492 844 
5-115 1080 156 924b 
5-116 1100 250 850b 
5-117 980 120 874 
5-120 990 
-
840 
5-121 1025 
-
908 
5-122 1130 160 970b 
5-123? 1015 - 900 
5-124 1020 227 866 
5-125 1100 340 768 
5-127 1020 168 905 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
7(2)+ +1095 
37 930 Sh(38)-Ls & 
Sh(50) 
935 
14 960 Sh & Ls(130) 
988 
1005 
925 
925 
5+ 
935 
915 
1010 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Sabdatum 
5-130 960 104 864 
5-133 1055 235 982 
5-139 1020 120 923 
5-143 1020 177 892 
5-147 950 190 760b 
5-149 940 105 901 
5-151 1040 227 884 
5-152 1040 160 880b 
5-154 970 286 870 
5-155 1060 260 800ab 
5-156 1010 IkQ 930 
5-158 1000 108 956 
5-159 1125 200 925b 
5-160 1060 223 1039 
5-162 960 114 872 
5-163 1010 345 896 
Sand and 
Gravel 
Thickness 
Piezcsnetric 
Sabdatum 
Upper 
Bedrock 
Sequence 
1000 Ss(20) 
998 
8+ 850 
920 
980 
920 
985 Ls & Sh(20)-
Ss(20) 
985 
975 
8+ 1060 
1057 
+960 
975 
Well Total Bedrock 
Nimber Elevation Depth Subdatum 
5-164 1000 130 860b 
5-166 1000 115 894 
5-167 1100 298 802b 
5-170 880 67 813b 
5-171 880 61 813b 
5-172 980 90 
90 890b 
5-173 1030 138 892b 
5-174 965 151 856 
5-176 (1-120) 955 - -
5-200 1035 335 915 
5-201(1-7) 1060 164 896b 
5-202(1-31) 1080 - -
5-203 1080 80 1000b 
5-204 1085 243 842b 
5-205 985 96 889b 
5-206 1160 260 900b 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
911 
8+ IOO5.5+.5 
870 
55(34) 870 
90 
35+ 90 
53(20)+ 
890 
1(1) - Ls & Sh(55) 
995 
990 
1030 
965 
960 
950 
Well Total Bedrock 
Number Elevation Depth Subdatum 
5-207(1-25) 1140 246 894b 
5-208 1025 385 640ab 
5-209 1180 248 932b 
5-210 1000 270 730ab 
5-211(1-40) 1050 236 8l4ab 
5-212 1080 204 876b 
5-213 1010 140 870b 
5-214 995 103 892b 
5-215 1165 345 820b 
5-216 1080 280 800b 
5-217 1065 214 851b 
5-218 1125 165 1001 
5-219(1-36) 1040 158 882b 
5-220 1055 210 845ab 
5-221(1-23) 1020 166 854b 
(1-122) 
5-222 1040 380 660 ab 
5-223 1050 220 890 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
1060 
972 
1085 
850 
960+10 
990 
970 
975 
925 
950 
1035+ 
960+ 
965 
+1020 
970 
Well 
Number Elevation 
5-224 1045 
5-225 1000 
5-226 1010 
5-227 1130 
5-228 1110 
5-229 1050 
5-230 1145 
5-231 1110 
5-232(1-27) 1060 
5-233 1055 
5-234 1040 
5-235 1040 
5-236 1070 
5-237 1160 
5-238(1-93) 1050 
5-239 1030 
Total Bedrock 
Depth Subdatum 
274 771b 
163 837b 
475 535ab 
212 918b 
218 892b 
204 846b 
88 1057b 
335 775b 
220 840ab 
222 833b 
215 825b 
176 864b 
89 981b 
337 823ab 
102 948b 
235 795ab 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
890+5 
890 
950 
1030 
1025 
970 
1115 
910 
980 
965 
990 
950 
1020 
1000 
950+ 
Well 
Number Elevation 
5-240 1125 
5-241(1-91) 1060 
5-242 1100 
5-243 1120 
5-244 1190 
5-245 1100 
5-246 1000 
5-24? 1080 
5-248 1015 
5-249 1020 
5-250 1045 
5-251 1020 
5-252 1080 
5-253 1205 
5-255 1100 
5-256 1090 
5-257 1080 
Total 
Depth 
Bedrock 
Subdatum 
172 953b 
265-270 795b-790b 
241 869b 
272 848ab 
220 970b 
230 870b 
114 886b 
107 913b 
93 922b 
257 810 
275 828 
130 890b 
450 980 
356 849b 
261 839b 
225 865b 
132 948b 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
1025? 
98^5 
940+ 
1020+ 
1030+ 
930+ 
960+ 
1040+ 
985+ 
980+ 
930 
985 
950 
955+ 
935 
930 
990 
Well Total Bedrock 
Number Elevation Depth Subdatum 
5-258 1000 112 896 
5-259 1080 204 876b 
5-260(1-100) 945 186 790 
5-262(1-84) 1060 173 967 
5-263(1-85) 1050 190 860b 
5-265(1-72) 1040 241 801 
5-266 1060 348 815 
5-268 980 165 880 
5-335 987 188 811 
5-336 950 155.8 807 
5-337 1010 117.0 900 
5-338 960.8 137.4 835.2 
5-339 944 135.6 811 
5-340 930 143.0 787 
5-341 920 80.7 844 
5-342 920 111.8 808 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
5(5) 927 Ss(8) 
- 935 -
- +945 -
- 1025 -
- 1015 -
- 995 Ls(l+) 
- 1000 Sh & Li 
- 925 -
51(1) 912+5 Ls(12) 
60 903 Ls(14) 
46(6) 1007 Ss(l+) 
- 950 Ls(12) 
39(16) 923 Ls(5) 
61 904 Ls(lO) 
- 897 -
73(7) 898 Ls(l+) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6- 1 1080 315 957 
6- 2 1020 160 995 
6- 3 1075 225 889 
6- 4 1090 656 902 
6- 5 1070 95 975b 
6- 6 1110 200 910b 
6- 7 1100 I85 915b 
6 - 8  -  2 0 4  
6- 9 1070 330 950 
6- 10 1077 357 927 
6- 11 1060 3^5 870 
6- 12 1020 347 990 
6- 13 1020 286 990 
6- 14 1040 165 875b 
6- 15 1125 585 995 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
0 1010 Ls(S_15)-
Ss(15) 
30(10) 1045 Ls(70) 
965 
15f 1035 
35f 1045 
15+- 1055 
30 1005 Sh(P-80) 
25 1027 Sh(P-lO)-
Ls(20) 
0 1005 Sh(P-55) 
1006.5+.5 
0 1015 Sh(P-l+) 
25+ 1005 
985 Sh(P-15)-Ss 
(P-15)-Sh(50) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6 - 1 6  
6 - 1 7  
6 - 1 8  
6 - 1 9  
6 - 2 0  
6 - 21dp 
6 - 21sh 
6 - 2 2  
6 - 2 3  
6 - 24 
6 - 2 5  
6 - 2 6  
6 - 2 7  
6 - 2 8  
6 - 2 9  
6 - 3 0  
6 - 31 
1125 
1127 
1110 
1120 
1000 
1000 
1113 
1115 
1160 
1205 
1180 
1205 
1130 
1125 
1125 
1125 
27 
2200 
175 
467 
115 
168 
60 
1345 
634 
191 
269 
350 
220 
747 
365 
365 
210 
981 
1017 
823 
905b 
832b 
940b 
1050 
1030 
1049 
1110 
982 
972 
961 
1019 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
1085 
1015 Sh(P-70+) 
15+ 1075 
960j 
-- 960-
-- 965 --
0 — Sh(P-40) 
--  1110 --
0 1120 Sh(5)-Ss(P-50) 
0 1135 Dol(S-45) 
1103 
Ss & Ls(S-l+) 
10 1070 Dol(S-5)-Ss 
(S-5)-Dol(S-20) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6- 32 1090 102 977b 
6- 33 1100 283 1000 
6- 3^ 1150 271 1015 
6- 35 1115 165 996 
6- 36 1115 135 985 
6- 37 1125 275 1004 
6- 38 1062 65 
6- 39 1100 105 977b 
6- 40 1100 141 974 
6- 41 1155 383 990 
6- 42 1155 254 1010 
6- 43 1095 100 962b 
6- 44 1100 164 940 
6- 45 1170 440 1025 
6- 46 1120 310 1040 
Sand and 
Gravel 
Thickness 
Piezcwiotric 
Subdatum 
Upper 
Bedrock 
Sequence 
22(20+) 
0 
0 
20 
5 
5(5) 
13  ^
0 
0 
25f 
30 
10 
1070 
1106 
1085 
1080 
1048 
Ss(P-5)-Sh 
(P-65) 
Sh(P-60) 
Ss(5)-Sh(l+) 
Sh(P-lO) 
Sh(P-125)_Ls 
(G-65) 
1070 
Ls(B-25) 
Sh(P-35)-Dol 
(S-30) 
Sh(P-30)-Ss 
(S-10) 
Ls(S orG-5) 
Sh(P-30)-Dol 
(S-30) 
Ss(P-10)-Sh(60) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6- 47 1125 156 1010 
6- 48 1100 170 945 
6- 49 1150 156 994b 
6- 50 1135 395 1002 
6- 51 1125 204 921b 
6- 52 1160 126 1055 
6- 53 1100 458 992 
6- 54 1135 150 1000 
6- 55 1145 510 1032 
6- 56 1150 125 1035b 
6- 58 1150 275 995 
6- 59 1100 455 970 
6- 60 950 225 860 
6- 61 1150 455 955 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
0 1040 Sh(P-15)-Ss 
(P-15) 
0 1030 Ss(S-5)-Dol 
(10) 
65+ 
0 - Sh(P-50)-Ls 
(S-45) 
13+ 1057 
0 1115 Sh(P-lO) 
990 Dol(l+) 
0 1015 Sh(P-l+) 
30 1021 Sh(P?-l+) 
10+ 1115 
0 - Sh(P-30)-Ss & 
Sh(P-85) 
30 - Sh(5)-Ss(10) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6- 62 1160 205 1050 
6. 63 1175 300 1040 
6- 6k ll6o 230 1026 
6- 65 1165 207 1025 
6- 66 1175 122 1053b 
6- 67 1175 200 1060 
6- 68 1210 370 1035 
6- 69 1165 315 1010 
6- 70 1165 245 1050 
6- 71 1200 100 1078b 
6- 72 1175 310 1032 
6- 73 1175 165 1063 
6- 74 1185 170 1075 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
40(15) 
15 
20+ 
0 
5+ 
0 
1115 
1085 
1120 
1125 
1145 
1060 
1125 
1115 
Sh(P-20)-Ss 
(P-30) 
Sh(P-30)-Ss & 
Sh(P-llO) 
ool*"Dol(G"60) 
8h(P-5)-Ls 
(G-1+) 
Sh(P-50)-Ls 
(G-35) 
Sh(P-25)-Ls 
(G-50) 
Sh(P-40) 
Sh(P-35) 
Sh(p_35)_Dol 
(8-15) 
Sh(5)-Ss(5)-
Sh(P-30) 
Ss(P—5)"'Sh & 
Ss(l+) 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
6- 75 
6- 76 
6- 78 
1180 
1185 
1180 
285 
123 
202 
1008 
1062b 
1040 
6- 79 
6- 80 
6- 81 
6- 82 
6- 83 
6- 85 
6- 86 
6- 87 
6- 88 
1160 
1045 
1050 
1050 
1045 
1050 
1150 
1175 
1100 
109 
80 
90 
110 
112 
95 
188 
380 
294 
1051 
951b 
938b 
922 
971 
927b 
962b 
930 
943 
6- 89 1150 131 1025 
Sand and Upper 
Gravel Piezoraetric Bedrock 
Thickness Subdatum Sequence 
15 1115 Sh(P-33)-Ss 
(30) 
28(10)+ 
0 1129 Sh(P-10)-Ss 
(55) 
5 1145 Dol(S-5) 
28+ 1070 
10 1040 Dol(S-10)-Ls 
(S-90) 
10 1070 Dol(S-5) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6- 90 1000 300 980 
6- 91 1075 227 1000 
6- 92 1050 178 905 
6- 93 1050 80 956b 
6- 94 1050 740 896 
6- 95 1120 190 1025 
6- 96 1050 180 903 
6- 97 1125 244 1075 
6- 98 1125 273 1008 
6- 99 1-25 245 1012 
6-100 1135 190 949 
6-101 1100 260 860 
6-102 1125 215 943 
6-103 1130 406 1005 
Sand and 
Gravel 
Thickness 
Piezoraetric 
Subdatum 
Upper 
Bedrock 
Sequence 
0 
0 
1030 
Dol(S-55) 
Sh(P-15)-Ls 
(15) 
25(10) 
0 
Ls(G-l+) 
Sh(P-30)-S5 
(8-25) 
10 
5 
20 
72 
0 
15 
1045 
1035 
1055 
1015 
1058 
Sh(P-30)-Dol 
(0-30) 
Sh(P-17)-Sh & 
Ss(P-65) 
Ss(P-3)-Sh(5)-
Ss(5)—Dol & 
Ls(70) 
ss(s-io)-ai & 
Ss(lO) 
Ls(G-20+) 
Dol(s_36) 
Sh(P-40)-Dol 
(S-50) 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
6-104 
6-105 
6-106 
1125 
1130 
1210 
198 
277 
425 
921 
954 
1010 
6-107 
6-108 
6-109 
6-110 
6-111 
6-112 
6-113 
6-114 
6-116 
6-117 
1185 
1200 
1200 
1150 
1225 
1255 
1255 
1250 
1220 
1225 
175 
1760 
1750 
88 
150 
160 
216 
167 
145 
255 
1060 
1040 
1066b 
1075b 
1120 
1069 
1098 
1087 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
45 1081 Ls(lO) 
55 1056 Dol(S-35)-Ls 
(0-45) 
0 1116 Sh(P-5+)-Ls 
(G-25)-Dol 
(H-70) 
20 - Sh(P-25)-Ls 
(G-20+) 
1150 
18+ 1125 
15+ - -
0 - Ls(G-25+) 
45 1123 Ls(G-15+) 
0 1135 Ls(G-14+) 
0 1165 Dol(S-5+) 
58 - Ls(7)-ooi. 
Dol(95) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-118 1215 360 1075 
6-119 1175 - 1125 
6-120 1125 99 1026b 
6-121 1140 120 1052 
6-122 1050 338 930 
6-123 1045 68 1000 
6-124 1050 1805 905 
6-125 1050 2005 905 
6-126 1100 92 1013b 
6-127 1050 96 954b 
6-128 1050 100 1028 
6-131 
6-132 
6-133 
1060 
1145 
1105 
234 
260 
200 
1010 
1012 
931 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
0 
0 
24+ 
0 
(10) 
1159 
1135 
1125 
1015 
1043 
Sh(P-10)-Ss 
(P-lO)-Ss 
(P-10)Del & 
Ls(30) 
Dol(S-25)-Ls 
(G-115+) 
Dol(S-30+) 
Ls(S-15) 
Dol(S-23) 
45(20)+ 
36+ 
5(5) 
5 
7 
1088 
1012 
1020 
1042 
1170 
Dol(S-35)-Dol 
(0-27)-Ls 
(G-+) 
Ls(G-105) 
Ls(G-25+) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-134 1125 165 996 
6-135 1125 215 975 
6-136 1110 172 980 
6-137 1100 130 1015 
6-138 1125 420 
6-139 1117 214 927 
6-140 1115 237 925 
6-141 1130 240 999 
6-142 1125 198 960 
6-143 1125 162 986 
6-144 1130 192 948 
6-145 1125 294 1000 
6-146 1125 320 950 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
10(5) - Ss(C-40f) 
0 - Sh(P-30+)-Ls 
(DM-25+) 
10 - Ls(S-10)-Ls 
(G-30+) 
15(5) - Sh(P-10)-Dol & 
Ss(S-l+) 
0 1037 Ls(G-30+) 
- - Ls(G-40+) 
8 1095 Sh(25)-Dol 
(S-40) 
10 1050 Dol(S-50+) 
10 1075 Ss(P?-45+) 
25 1050 Ss(P?-25) 
0 1080 Sh(P-100)-Dol 
(S-50) 
15 990 Sh(P-5)-Dol 
(S-15)-Ss 
(W-10+)-Del 
(0-50) 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
6-147 1120 288 984 
6-148 1125 144 1006b 
6-149 1125 206 960 
6-150 1125 92 1043b 
6-152 1119 201 -
6-153 1061 116 -
6-154 1097 200 -
6-155 1194 120 -
6-202 1014+est 559 -
6-208 997 283 -
6-210 895 182 -
6-211 1000 490 -
6-212 950 306 -
6-213 950 240 -
6-214 900 237 -
6-216 890 122 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
30 990 Sh(P-35)-Ss 
(S-35) 
64(5)+ 1100 
30 1015 Dol(S-l+) 
32+ nil 
1065+ 
1139 
1059 
1147 
917 
872 
875 
850 
870 
828 
810 
875 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-217 1025 359 
6-220 960 452 4(4) 
6-221 1020 220 
6-222 1040 217 
6-223 1060 221 
6-224 1035 533 
6-225 1040 225 
6-226 1035 515 
6-227 1024 254 
6-228 1032 892 
6-229 1038 250 
6-230 1045 250 
6-231 1045 210 
6-233 1036 200 
6-236 1000 220 
6-237 1067 272 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
910 
825 Sh(18_)-Ls 
920 
955 
970 
- 884 -
980 
885 
906 
907 
946 
944 
- 940 -
946+ 
15 - Sh(P-5)-Ss(5)-
Dol & Ls(lO) 
1002 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-238 1000 245 
6-239 1000 185 
6-240 1025+ 775 
6-242 1077 278 
6-247 1066 313 
6-250 1000 266 
6-251 1000 275 
6-252 1000 144 
6-253 1005 435 
6-254 1000 85 
6-256 1000 1780 
6-258 1000 69 
6-259 1000 97 
6-260 1000 56 
6-261 1000 2412 
6-262 1000 90 910b 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
10+ 965 
5 - , Sh(P-l+) 
873 
1017 
- 986 -
30 938 Sh(P-l+) 
0 905 Ss(P-5)-Sh 
(60) 
0 962 Sh(14) 
0 - Sh(P-l+) 
45+ 995 
8 835 Sh(l+) 
5+ -
990 
996.5 
- 820 -
50+ 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-263 1010 120 890b 
6-264 1000 92 908b 
6-265 1000 522 945 
6-266 1005 570 
6-267 990 285 850 
6-268 1000 260 885 
6-269 990 90 900b 
6-270 1000 290 893 
6-271 1005 447 925 
6-272 1000 423 600 
6-273 1005 308 887 
6-274 950 347 
6-276 970 120 851b 
6-277 980 410 
6-278 965 140 
6-281 950 261 875 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
25+ 
35(10)+ 
8(8) 
304-
5 
17 
3+ 
0 
995.5 
875 
1020 
966 
930 
870 
Sh(P-l+) 
Sh(P-l+) 
Sh(P-35)-Ss 
(1+) 
Sh(l+) 
915 
860 
27+ 
15(15) 
885 
875 Sh(P-l+) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-282 975 190 880 
6-283 990 94 891b 
6-284 1010 570 970 
6-285 950 123 835 
6-286 950 265 885 
6-287 960 260 865 
6-288 990 121 880 
6-289 965 403 870 
6-290 990 320 907 
6-312 965 317 825 
6-317 990+ 602 827 
6-321 980+ 527 830 
6-322 998 200 853 
6-323 980+ 192 788ab 
6-325 - 545 
6-327 1010 or - 875 
1020? 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
0 
19(5)+ 
0 
20(15) 
883 
970+ 
880 
928 
880 
880 
966 
870 
855 
Sh(P-95) 
Sh(P-l+) 
Ss(P-8) 
Ss(P-ll) 
Sh(l+) 
12 
865+ 
866+ 
903 
880 
95 
Ss(P-5)-Sh 
(P-25) 
Ss(P-l+) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-328(113) 1021 134 887b 
6-329 1000 
6-330 1015 
6-331 993 
6-334 960 - -
6-335 960 150 
6-336 945 290 
6-364 925 220 
6-365 940 130 810b 
6-366 897 105 792b 
6-377 1030 231 805 
6-382 1025 246 743 
6-383 1000 292 855 
6-384 1000 122 878b 
6-388 1000 240 855 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
995 
910 
915 
903 
870 
890 
- 865 -
25(10)+ 850 
10+ 862 
40+ -
5 1002 Sh(3)-Ss 
(3+) 
10 993 Ss(P-3)-Sh 
(1+) 
5 885 Sh(P-l) 
25(15) 927 
5 950 Sh(P-70)-Ss 
(1+) 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
6-389 1000 25 1008b 
6-390 1000 291 860 
6-392 1050 601 980 
6-393 1010 105 905b 
6-394 1023 372 988 
6-395 990 123 867b 
6-396 1030 295 937 
6-397 1020 352 950 
6-398 920 65 893 
6-399 960 20 980 
6-400(418) 1025 140 995 
6-401 940 127 905 
6-402 1000 435 938 
6-403 1020 180 877 
6-404 1020 332 877? 
6-405 1040 276 969 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
10 955 Sh(P-l+) 
0 - Sh(P-l+) 
5+ 989 
0 883 Sh(P-l+) 
18+ 960 
5 995 Sh(P-l) 
0 885 Ss(P-10)-Sh 
(P-1+) 
893 
1007 
888 
890+ 
845 
969 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-406 1000 200 940 
6-408 970 765 966 
6-409 990 290 964 
6-410 1000 435 
6-412 990 151 
6-413(423) 1010 115 910b 
6-414(432) 965 115 850b 
6-415 995 393 
6-416(5-141) 965 110 855b 
(428) 
6-417 9 70+ 186 785 
6-418 985 105 885 
6-419(449) 965 165 925 
6-420(433) 975 95 880b 
(140) 
6-421 975 70 915 
6-422 975 96 880 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
15(10) 
0 
0 
0 
910 
890 
915 
953 
920 
910 
905 
Sh(P-l+) 
Sh(P-l+) 
Sh(P-l+) 
Sh(P-l+) 
Sh(P-20)-Ls 
(S-20) 
Dol(K-l+) 
10+ 
890 
940 
Dol(14) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-424 
6-426 
6-428 
6-430 
6-431 
6-435 
6-436 
6-439 
6-440 
6-441 
6-442(97) 
6-467 
6-468 
6-469 
6-470 
1000 
1005 
970 
1000 
1020 
1000 
965 
939 
950 
952 
970+5 
1080 
1075 
1100 
1050 
51 
250 
95 
90 
335 
46 
210 
155 
400 
175 
168 
1130 
100 
275 
290 
958 
955 
920 
965 
820 
745b 
784b 
753 
862 
930 
1010 
975b 
955 
980 
Upper 
Piezoraetric Bedrock 
Subdatum Sequence 
Dol(S-4) 
Ss(46)-Dol 
(W-65)-Dol 
(B-30) 
945 Dol(S-30) 
875 
900 Ls(G-5)-Dol 
(70) 
Do1(1+) 
940+5 Ls(S-l+) 
905 Sh(P-300) 
1052 
1050 \ Sh(P-20)-Ss 
: S10)-Sh(50) 
940 Sh(P-185) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-472(109) 980 165 845 
6-473 1040 303 975 
6-475 1040 235 985 
6-476 1040 290 1010 
6-477(407) 1020 91 929b 
6-478(414) 1045 185 855b 
6-479(409) 980 261 866 
6-480 1005 137 868 
6-481(410) 1025 190 830 
6-482 881 160 
6-484 999 315 
6-484 - - 915 
6-485 - - 965 
6-604 1040 290 
6-611 990 201 
6-616 - - 1080 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
20+ 
25+ 
45+ 
955 
1021 
1012 
1008 
970 
960+ 
990 
935 
18(225) 
Dol(W?-117)-
Ls(G-l+) 
Dol(W-100)-Ls 
(G-1+) 
909 
Ls & Sh(K-50) 
932 
950 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-622 1035 215 
6-623 1060 808 
6-626 1010 165 
6-627 1040 846 
6-628 975 146 
6-651 1005 570 
6-654 1100 206 
6-655 1100 350 
6-656 985 195 
6-658 1095 333 765 
6-659 1040 220 820b 
6-660 890 33 848 
6-662 1080 110 1010 
6-666 1085 542 926 
6-669 1070 212 
6-670 940 350 750 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
930 
935 
915 
919 
878 
885 
1060 
1040 
930 
995 
Sh(P-5) 
925 
(12) 881 Sh(l+) 
908 Sh(40)-Dol 
(W-250)-Ls 
(G-14") 
15 - Sh(P-25)-Ss 
(30) 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
6-671 
6-674 
6-675(453) 
6-677 
6-678 
6-679 
1040 
1020topo 
980 
6-676(454) 1020 
1065 
1100 
1120 
168 
452 
275 
245 
194 
251 
680 
815 
895 
670ab 
880b 
853 
6-681 
6-682 
1165 
1140 
380 
3000 
785b 
945 
6-683 1120 1150 830 
6-701 
6-702 
910 
1120 
45 
658 
869 
826 
6-703 
6-704 
910 
910 
31 
40 
880 
873 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
10 
25+ 
15+ 
15 
40 
105(40) 
(20) 
965 
990 
840 
945 
125 
952 
955 
945 
895 
940 
903 
897 
Sh(P-10)-Ss 
(5)-Dol(W-130) 
Sh(P-30)-Sh & 
Ss(70) 
Sh(P-100)-Dol 
(B-65) 
Sh(P-260)-Ls 
(S-180) 
Sh(265)-Dol 
(100+) 
Sh(90)-Dol 
(K-20) 
Ls(l+) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-705 955 320 920 
6-714 1022 340 
6-718 - 100 940 
6-720 970 240 750? 
6-721 900 345 875 
6-722 1100 520 854 
6-723 1125topo 564 895 
6-725 930 133 797b 
6-726 960 314 869 
6-727 930 341 879 
6-728 1169 510 
6-729 960 • 315 936 
6-732 1153 1950 
6-737 - 44 -
6-738 - 40 -
Sand and. 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
(15) 
154-
(8) 
987 
18 
935 
886 
988 
+960 
1094 
+960 
1007 
28 
14 
Sh(75)-Ss(10) 
Sh(P-20)-Ss 
(1+) 
Sh(P-65)-Dol 
(25) 
Sh(25)-Ss(15)-
Sh(30) 
Sh(P-142) 
Sh(P-145)-Dol 
(15) 
Well Total Bedrock 
Number Elevation Depth Subdatum 
6-739 - 40 
6-740 - 34 
6-742 - 40 
6-743 - 40 
6-744 - 36 
6-745 - 29 
6-746 - 37 
6-747 - 40 
6-748 - 40 
6-749 - 30 
6-750 - 110 
6-751 1090 270 
6-752 - 31 
6-753 - 130 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
14 
11'2" 
21' 
14' 
13' 
9 
10'6" 
18'6" -  K 
9 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
7- 1 926.3 19.6 912 
7- 2 979.2 30.0 959 
7- 3 945.7 26.5 931 
7- 4 - - -
7- 5 926.1 22.0 911 
7- 6 984 35.5 954 
7- 7 933 14.7 924 
7- 8 
- -
-
7- 11 
-
- -
7- 12 
- - -
7- 13 974 35.5 950 
7-14 
-
- -
7- 15 •a 
7- 23 
7- 24 
7- 25 
7- 26 
Sand and 
Gravel 
Thickness 
Piezometric 
Subdatum 
Upper 
Bedrock 
Sequence 
10(10) 916 Ls & Sh(l3) 
3(3)+ 
934 
(2) 
(4) 
(0+) 
10+ 
5(5+) 
983 
962 
Ls(5) 
Ls(15) 
9(9+) 
21(17)+ 
53(23)+ 
(0+) 
23(23)+ 
(4)+ 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
7- 2? 
7- 28 
7- 29 
7- 30 - - -
7- 31 
-
- -
7- 33 - - -
7- 37 - - -
7- 39 948.4 47.5 923 
7- 40 952 36.0 923 
7- 41 877 80.0 802 
7- 42 855 41.3 818 
7- 43 
7- 44 
7- 46 
7- 53 
7- 55 
7- 56 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness . Subdatum Sequence 
2(2+) 
(0+) 
(0+) 
3(3)+ 
14(11)+ 
3(3+) - — 
28(19)+ 
(3) 941 Sh(l8)-Ls(3) 
0 938 Sh(7) 
871 
0+ w 
10(10+) 
12(12)+ 
0+ — — 
0+ 
9(6)+ - -
Well Total Bedrock 
Number Elevation Depth Subdatum 
7- 57 
- -
-
7-100 
- - -
7-102 1039 67.3 979 
7-104 1003 41.5 972 
7-105 996.4 25.0 972 
7-106 975 5.3 972 
7-107 877 46.2 835 
7-108 905.4 41.3 867 
7-109 856.4 29.3 836 
7-110 912.8 47.0 877 
7-202 
- -
-
7-203 - - -
7-207 1020 42.0 983 
7-212 1018 38.0 985 
7-213 - - -
7-214 _ 
Sand and Upper 
Gravel Piezometric Bedrock 
Thickness Subdatum Sequence 
0+ -
3(3)+ 
2 1025 Sh(7) 
0 988 ShCll) 
3(3) 993 3h(17) 
35 - Sh(9) 
(8) - Sh(19)-Ls(2) 
23(21) - Sh(ll) 
846 
(5) 879 Sh(ll) 
(io)+ — — 
(7+) 
1008 
(4) 
— — 8h(P—5)—Ls 
(G-50) 
Well 
Number Elevation 
Total 
Depth 
Bedrock 
Subdatum 
7-215 1055 29.0 IO33& 
7-217 1100 28.0 1076 
7-218 1096 47.0 105 
7-219 1020 18.7 1009.7 
7-220 1020 11.4 1017.5 
7-221 1020 24.5 1105.9 
7-229 
- -
-
7-233 950 41.6 828 
7-234 -
-
-
7-235 
- - -
7-236 -
- -
7-239 1022 47.5 984 
7-242 
- -
-
7-243 - - -
7-245 _ 
Sand and Upper 
Gravel Piezanetric Bedrock 
Ihickness Subdatum Seguenoe 
1055 
(6) 1089 
(7) 1085 
1014 
(20) 
(16). 950 
(5f) 
(12)+ 
(8) 
1015 
(20+) 
(7+) 
5(5)+ 
Ls(7) 
8h(4+)_Ls 
Sh(5)-Ls(5) 
Ls(lO) 
Sh(15)-Ls(5) 
Sh(P-10)-Ls 
(S-lO)-Dol 
(S-10) 
Sh(30) 
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APPENDIX C; LETTER TO OWNER CONCERNING QUALITY OF 
WATER 
221 
May 6, 1969 
Dear Friend, 
Thank you for your time and willingness to allow us to sample 
your water. The information that was obtained is being used in a 
regional study of the ground water in the Squaw Creek - Skunk River 
Basin above Ames. 
We have tabulated the information for you by computer. The 
chemical (ionic) constituents in the water were tested and recorded 
in ppm (parts per million) and EEM (Equivalents per million). A 
coliform count (bacteriological examination) was not made for these 
samples. 
The following table provided by the U.S. Public Health Service 
(1962) and other sources shows a list of the names of chemical ions 
and their abbreviation accompanied by the recommended upper limits 
satisfactory for different water uses. You can compare this to the 
figures enclosed with this letter in order to judge the potability of 
your water. A judgement as to how sanitary your water is cannot be 
made here due to the lack of bacteriological tests. 
If you wish to have a bacteriological examination of your water, 
write to the following address for a container and instructions as to 
where to send your water sample (Note that you will have to enclose 
$2.00 with your sample when you send it in for analysis): 
State Hygienic Laboratory 
E. 7th and Court Ave. 
Room 408 
Des Moines, Iowa 
Sincerely, 
Douglas C. Kent 
DEPARTMENT OF EARTH SCIENCE 
Iowa State University 
TABLE 
Drinking General Household Use Irrigation 
Good Poor Good Poor 
Total Dissolved Solids 1500 ppm 300 ppm 2000 ppm 500 ppm 3000 ppm 
Silica (Si) No Limit 10 ppm 50 ppm No Limit No Limit 
Soluble Iron (fe) 1.0 ppm 0.2 ppm 0.5 ppm No Limit No Limit 
Calcium (Ca) 200 ppm 40 ppm 100 ppm No Limit No Limit 
Magnesium (Mg) 125 ppm 20 ppm 100 ppm No Limit No Limit 
Sodium (Na) 200 ppm 100 ppm 300 ppm No Limit No Limit 
Total Hardness No Limit 50 ppm No Limit No Limit No Limit 
Sulfate (Sul(B)) 250 ppm 100 ppm 300 ppm 200 ppm 500 ppm 
Chloride (Cl) 250 ppm No Limit No Limit 100 ppm 300 ppm 
Flouride (f) 1.5 ppm No Limit No Limit No Limit No Limit 
Nitrate (Nit) 20 ppm No Limit No Limit ? ? 
Note: 
Sulfate (Sul(A)) was determined separately from Sulfate (Sul(B)) by another 
method of analysis. The Sul(A) method proved to be unsatisfactory. 
Good drinking water usually contains no more than 10 ppm of Potassium (K) 
and 0.03 ppm Phosphate (phos). 
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APPENDIX D: COMPUTER PROGRAMS 
ANALYSIS OF RESISTIVITY DATA 
DIMENSION X(100),E(10Û)»A(10Û),F(100) 
DIMENSION XLAB(5),YLAB( 5),GLAB(5l,DATLAB( 5) 
READ IN GRAPH LABELS FOR X AXIS»Y AXIS, 
AND PROJECT LABEL FOR GRAPH 
REAO(l,l)XLAB,YLAB,GLA8 
1 FORMAT (i5A4) 
WRITE*3,2) 
2 F0RMAT(IH1,T10, «RESISTIVITY DATA*) 
READ IN IDENTIFICATION*STATION NUMBER) FOR 
DATA SET, K NUMBER OF DATA POINTS, AND 
A-SPACING INCREMENT, AND D DEPTH OF FIRST READING ^ 
to 4N 
READ IN OPTION FOR SETTING ORIGIN OF Y AXIS 
ON GRAPH 
NOTE: IF Z IS ZERO, ORIGIN OF Y AXIS IS SET 
AT ZERO. IF Z IS 2, ORIGIN IS DEPTH (D) 
OF FIRST READING LESS THE A-SPACING 
INCREMENT. 
READC 1,48) Z 
48 FORMAT(12) 
13 READ( 1,3)0ATLAB,K,SPAC,D 
3 FORMAT (5A4, 13, F3.0,F3.0) 
CHECK END OF DATA DECK 
NOTE: LAST CARD OF DATA DECK MUST BE BLANK IN ORDER TO STOP PROGRAM 
IF (K) 999,999,4 
RESETTING VARIABLES TO ZERO 
4 DO 5 1=1,K 
X(I)=0. 
E(I)=0. 
All 1=0. 
5 CONTINUE 
DEFINE ORIGIN OF Y AXIS FOR GRAPH ACCORDING 
TO CONDITIONS SET BY Z 
IF (Z) 50,50,51 
50 3=0.0 
GO TO 53 
51 S=D-SPAC 
READ IN VOLTAGE POTENTIAL(E(I») AS VOLTS 
FOR K NUMBER OF POINTS 
53 READ(1,7) ( E( I),I=1,K) 
7 F0RMAT(20F4.3) 
DO 8 I=1,K 
E(I)=E(n/10. 
8 CONTINUE 
READ IN CURRENTÏA(I)) AS AMPS FOR K 
NUMBER OF POINTS 
9 READ(1,1G) CACI),I=1,K) 
10 FORMAT(20F4.3) 
11 DO 12 1=1,K 
A(I)=A(n/10. 
DEPTH (F(I)) FOR I-TH READING = THE SUM OF THE 
D DEPTH FOR THE LAST READING AND THE A-SPACING 
INCREMENT 
F<I)=0 
D=D+SPAC 
COMPUTATION OF RESISTIVITY BASED ON HENNER 
SPACING ARRANGEMENT = VOLTAGE POTENTIAL(E(I)» 
DIVIDED BY CURRENT(A(I)) AND MULTIPLIED BY 
I-TH DEPTH AND A CONSTANT 
NOTE: THIS CONSTANT IS EQUAL TO THE PRODUCT 
*2)(PI)(CONVERSION FACTOR). THIS CONVERSION 
FACTOR HAS THE VALUE 30.48, AND CONVERTS 
OHM-FT TO OHM-CM. 
X(I)=E(I)/A(I)*F(I)»191.41 
12 CONTINUE 
WRITE(3,17)DATLAB 
17 FORMAT (1H0,T5,* ID-',5A4) 
WRITE (3,14) 
14 FORMAT(1H0,T8,'RH0',T16,•OEPTH(FT)•) 
DO 15 1=1,K 
WRITE(3,27) X(I),F(I) 
27 FORMAT(1HC,4X,F7.1, 5X,F4.Û) 
15 CONTINUE 
COMPUTATION USING THE FUNCTION SUBPROGRAM TO FIND 
THE MINIMUM X(I) RESISTIVITY VALUE INORDER TO BE 
USED AS POINT OF ORIGIN ON X AXIS OF GRAPH 
MIN=PMARK(X, 1,K)/10 
XMIN=MIN»10.0 
CALL GRAPH TO PLOT DEPTH(F(I)) ON Y AXIS AND 
RESISTIVITY(X(I)) ON X AX IS 
NOTE: THE SCALE OF THE VERTICAL AXIS IS SET 
AT ONE INCH = 40 FEET. THE SCALE OF THE 
X AXIS IS SET AT ONE INCH = 400.00 OHM-CM. 
CALL GRAPH(K,X,F,3,3,30.0,10.0,400.0,XMIN,40.0,S,XLA3,YLAB,GLAB,OA 
2TLAB) 
GO TO 13 
999 STOP 
END 
FUNCTION SUBPROGRAM USED TO SEARCH FOR SMALLEST X( I) VALUE 
NOTES THIS VALUE IS TO BE USED AS THE POINT OF ORIGIN ON 
THE X AXIS OF THE GRAPH. 
FUNCTION PMARK(B,M,N) 
DIMENSION BID 
PMARK=B(M) 
L=M+1 
DO 20 I=L,N 
IF (PMARK-B(I)) 20,20,16 
16 PMARK=B(I) 
20 CONTINUE 
RETURN 
END 
ANALYSIS OF SEISMIC DATA 
DIMENSION 
REAL*8 
1T(20J,ULT( 
IPC 8) ,BDWN(8» . 
DOUBLE PRECISIGN UMOYHT,SUMX,SUMY,OEANX.DEANY,SUMULT,SUMSQR,RM£AN 
1,E,TIME,TYME,TYIM, VELO, RAPID,FAST,ZIP,DEEP,DEPTH,ZDEP,DEPST,TDEP,V 
1V(2),AA( 2» ,XX,YY,ZZ,DO 
DOUBLE PRECISION ZZZ,DDD,OEPA(10),0EPB(10).DEPAP,OEPAM,DEPBP,DEP8 
1M,VPLUS18),VMlNt3) 
READ IN STUDENT T( NUMBER OF DEGREES 
OF FREEDOM) CONSTANTS FOR 90% CONFIDENCE 
INTERVAL 
TC 1)=6. 314 
TC2)=2.92C 
T(3»=2.353 
T(4)=2.132 
T(5)=2.015 
T( 6) =1.943 
T(7)=1.895 
T(8)=1.860 
T(9)=l.a33 
T(lû)=1.812 
T(ll)=1.796 
T(121=1.782 
T(13)=1.T71 
T(14) =1.761 
T( 151=1.753 
7(161=1.746 
T( 171=1.740 
T (181=1.734 
T(191=1.729 
7(201 = 1.725 
T(21)=1.721 
T(22»=1.717 
T(23)=1.714 
T(24)=1.711 
TC 251=1.708 
J 3=0 
JJ=0 
SETTING VARIABLES TO iERO 
VV(1)=0.0 
VV(2)=w.O 
READ IN LOWER ASSUMED VELOCITY OF BLIND ZONE 
(VVtin.HIGHER ASSUMED VELOCITY OF BLIND ZONE 
(VV(2)),AND INDEX NUMBER(JJ) WHICH IF ZERO 
REQUIRES GRAPH AND IF NEGATIVE SIX OMITS GRAPH 
READdf 420) VV(l) »VV(2) »JJ 
420 FORMATCF5.Û,F5.0»9X, 12» 
READ IN IDENTIFICATION FOR X AXIS OF GRAPH(XLAB), 
AND FOR Y AXIS OF GRAPH(YLA8J 
READ*1,421)XLAB»YLAB 
421 FORMAT 15A4,5A4) 
ANALYSIS OF NEW SLOPE BEGINS HERE 
SETTING COUNTERS 
50 LAB=0 
J—J J 
SETTING VARIABLES TO ZERO 
AA(i)=0.0 
AA(2»=û,0 
XX=C.O 
YY=0.0 
DO 401 N=l,8 
ARANGE(N)=0.0 
BRANGE(N)=0«0 
BEVAR(N)=0.0 
BOVAR(N) =0.0 
V{N)=0.0 
A(NÏ=0.0 
B(N)=0. 0 
AUP(N)=0.0 
ADHNCN)=0.0 
BUP(N)=0.0 
BDWN(N)=0.0 
VUP(N)=0. G 
VDWN(N)=0.0 
VMIN(N)=0.0 «o 
VPLUS(N)=0.0 o 
401 CONTINUE 
00 402 NNN=1,10 
DEPAlNNN)=0.0 
DEPB(NNN)=Û.O 
402 CONTINUE 
READ IN LOCATION OF STATION(ID), THÉ NUMBER 
OF SLOPES TO BE EVALUATED(LAB), AND THE DISTANCE 
(XX) AND INTERCEPT TIME(YY) FOR THE SLOPE 
NOTE! XX AND YY ARE THE COORDINATES FOR THE 
POINT COMMON TO BOTH THE TILL (1-S1) SLOPE 
AND THE UPPER BEDROCK (2-NO) SLOPE. 
31 READd, 34) ID,LAB, XX, YY 
34 FORMATC5A4,I2,F4.0,F4.3) 
CHECK END OF DATA DECK 
NOTE: LAST CARD OF DATA DECK MUST BE BLANK IN ORDER TO STOP PROGRAM 
IF f LAB) 999,999,43 
43 WRITE( 3,44)I0,VV( 1>,VV(2Ï 
44 FORMAT(•1»,20X,5A4,/IX,20X,«LOWER BLIND ZONE VELOCITY=•,F 16.6,/IX, 
120X,«HIGHER BLIND ZONE VELOCITY= •,F16.6) 
SETTING COUNTERS 
DOD=0.0 
ZZZ=0.0 
00=0.0 
ZZ=0.0 
L=2 
LL=2 
M=0 
MM=0 
N=I 
NN=0 
NNN=0 
ISJ 
W 
SETTING VARIABLES TO ZERO 
DEANX=0.0 
DEANY=0.0 
RMEAN=0. 0 
TIME=0.0 
TYME=0.0 
TYIM=0.0 
VEL 0=0.0 
RAPID=0.0 
FAST=0.0 
ZIP=O.G 
DEEP=0.0 
DEPTH=e .0 
ZOEP=0.0 
DEPST=0.0 
TOEP=0.0 
DÊPAP=0.0 
0£PAM=0.0 
DEP8P=0.0 
DEPBM=0.0 
SETTING COUNTERS 
32 K=0 
E=0.0 
READ IN K AND E WHICH REPRESENT NUMBER OF PTS 
ARRAY REPRESENTING SLOPE 
READ{1,33) K,E 
33 FORMAT(I3fF4.0) 
SETTING VARIABLES TC ZERO 
SUMSQR=0.0 
SUMULT=0.0 
SUMY=0.0 
SUMX=0.0 
UMQYHT=0.0 
DO 35 1=1,K 
X(I)=0.0 
Y(I)=0.0 
SUBY(I)=0.0 
SUBX(I»=0.0 
SQSUBXID^O.O 
YHATCI»=0.0 
SUBYHT(I)=0.0 
SQSYHTC 11=0.0 
35 CONTINUE 
READ IN Y AS FIRST ARRIVAL TI ME( SECONDS) AND 
AS HORIZONTAL S PACING ( FEET I 
NOTES A MINIMUM OF THREE POINTS IS 
REQUIRED FOR EACH SLOPE. 
READ(1,36I (X(I), I=1,K) 
36 FORMAT(20F4.0) 
READ*1,200) (Y(I), I=1,K) 
200 FORMAT(20F4.3J 
00 75 1=1,K 
WRITE (3,96) X(I),Y(I) 
96 FORMAT('0',20X,'X(I)= •,F16.9,20X,«YtI)= ' ,F16.9) 
75 CONTINUE 
IF (J) 427,425,426 
GRAPH FUNCTION PLOTS XU» POINTS REPRESENTING 
HORIZONTAL SPACING OF GEOPHONES IN FEET AND Yd) 
POINTS REPRESENTING CORRESPONDING FIRST ARRIVAL 
TIMES IN SECONDS ^ 
ijO 
425 CALL GRAPH(-K,X,Y,3,7,25.C,10.0,100.0,0.0,0.040,0.0,XLAB,YLA3,ID,0 ^ 
1.0) 
GO TO 423 
426 CALL GRAPH(-K,X,Y,3,7,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0 .0,0.0 ) 
428 J=J+1 
LINEAR REGRESSION ANALYSIS FOR N'TH ARRAYS OF PTS.(X,Y) 
SLOPE = SUM OF PRODUCTS OF ( X( I  )-MEANX) ( YCI )-ME ANY) 
DIVIDED BY SUM OF THE SQUARES OF 
(X(I)-MEANX) 
COMPUTATION OF SUMS OF X(I) AND Yd) 
427 DO 37 1=1,K 
SUMX=SUMX+X(I> 
SUMY=SUMY+Y(I) 
37 CONTINUE 
COMPUTATION OF MEAN OF X = SUM OF X(I) DIVIDED BY 
E NUMBER OF POINTS DEFINING SLOPE 
DEANX=SUMX/E 
COMPUTATION OF MEAN OF Y = SUM OF Y(I) DIVIDED BY 
E NUMBER OF POINTS DEFINING SLOPE 
OEANY=SUMY/E 
DO 38 1=1,K 
COMPUTATION OF BOTH (XCII-MEANX) AND CY(I)-MEANY) 
SU8X(I)=XCI»-0EANX 
SUBY{I)=Y(I)-DEANY 
PRODUCT OF DIFFERENCES*!) = (X(I)-MEANXHY(I)-MEANY) 
ULT(I)=SUBX(I)*SUBY(I) 
COMPUTATION OF SUM OF PRODUCTS!I) OR SUMULT 
SUMULT=SUMULT+ULT(I) 
COMPUTATION OF SQUARE OF DIFFERENCES (X{I> -MEANX) 
SQSUBX(I)=SUBX(I)*SUBX(I) 
COMPUTATION OF SUMSQR OR SUM OF SQUARES* I )  OF 
DIFFERENCES (X(I)-MEANX) 
SUMSQR=SUMSQR+SQSUBX( I )  
38 CONTINUE 
COMPUTATION OF N'TH SLOPE (B(N)) = SUM OF PRODUCTS! I )  
DIVIDED BY SUM OF SQUARES ( I)  
B(N)=SUMULT/SUMSQR 
COMPUTATION OF INTERCEPT TIME(A(N}) OF N'TH SLOPE = 
MEANY MINUS PRODUCT OF SLOPE(AIN)) AND MEANX 
A(N)=OeANY-B(N)•DEANX 
COMPUTATION OF N'TH VELOCITY{VCN)) = RECIPROCAL 
OF N'TH SLOPE{B(N)) 
V(N)=1.0/B(N) 
WRITE(3,39) A(N),V(N) 
39 FORMATCO» .20X,« INTERCEPT= • ,F16.10»/lX,2ÛX, • VELOCITY= ' ,F16.10) 
00 40 1=1, K 
COMPUTATION OF RESIDUAL MEAN SQUARE = SUM OF 
SQUARE OF <Y(I)-YHAT(I)) AND THAT QUANTITY DIVIDED 5 
BY THE NUMBER OF POINTS REPRESENTING SLOPE LESS TWO 
DEGREES OF FREEDOM 
COMPUTATION OF Yd) ESTIMATEÏYHAT) = SUM OF THE QUANTITY 
(INTERCEPT TIME OF N'TH SLOPE(A(N)) + THE PRODUCT 
(N'TH SLOPE) (X(I) OF N'TH ARRAY) 
YHAT(I)=A(N)+B(N)*X(I) 
COMPUTATION OF ( Yd)-YHAT( I  ) ) 
SUBYHT(I)=Y(I)-YHAT(I) 
SQUARE OF DIFFERENCE (Y(I)-YHAT(I)) 
SQSYHT(I)=SUBYHT(I)*SUBYHT(I) 
COMPUTATION OF SUM OF SQUARES 
UMQYHT=UMQYHT+SOSYHT(I) 
40 CONTINUE 
COMPUTATION OF RESIDUAL MEAN SQUARE OR RMEAN 
RME AN=UMQY HT/( E-2 ,0 » 
COMPUTATION OF ESTIMATED VARIANCE OF REGRESSION 
COEFFICIENT (BEVARtN)) OF N'TH SLOPE = RESIDUAL 
MEAN SQUARE DIVIDED BY SUM OF SQUARES OF DIFFERENCES 
(X(I)-MEANX) 
BEVAR(N)=RMEAN/SUMSQR 
COMPUTATION OF ESTIMATED VARIANCE OF REGRESSION 
COEFFICIENT (BQVAR(N>) OF INTERCEPT TIME FOR N'TH 
SLOPE = RESIDUAL MEAN SQUARE MULTIPLIED BY THE QUANTITY 
((1 DIVIDED BY E POINTS ON SLOPE) + (SQUARE OF MEAN X 
DIVIDED BY SUM OF SQUARES OF DIFFERENCES( XIU-MEANX) ) )  
BOVAR(N)=RMEAN*(1.0/E+DEANX*DEANX/SUMSQR) 
WRITE(3.41) 6EVAR(N),B0VAR(N) 
41 FORMAT*'0',2ûX,'VARIANCE OF SLOPE= F16.14,/IX,20X,'VARIANCE OF 
1 INTERCEPT: •,F16.11) 
M=K-2 
COMPUTATION OF CONFIDENCE INTERVALS FOR N'TH SLOPE 
AND N'TH INTERCEPT TIME 
COMPUTATION OF PRODUCT OF STUDENT T(K NUMBER OF PTS. 
LESS TWO DEGREES OF FREEDOM) AND SQUARE ROOT OF N'TH 
ESTIMATED VARIANCE OF REGRESSION COEFFICIENT OF N'TH 
SLOPE(BEVAR(N)) 
8RANGECN)=T(M)*DSQRT(BEVAR(N)) 
COMPUTATION OF PRODUCT OF STUDENT T(K NUMBER OF PTS-
LESS TWO DEGREES OF FREEDOM) AND SQUARE ROOT OF 
ESTIMATED VARIANCE OF REGRESSION COEFFICIENT OF 
INTERCEPT TIME tBOVAR(N)) FOR N'TH SLOPE 
ARANGE f N ) =T « M)*DS QRT < BOV AR CN »> 
WRITE(3*201) M*BRANGE(N)tARANGE(N) 
201 FORMAT('0*,20X,'DEGREES OF FREEDOM= ' ,12 ,/ lX,20X,'T RANGE FOR SL 
10PE=',F16.il,/IX,20X,'T RANGE FOR INTERCEPT= ',F16.il) 
COMPUTATION OF UPPER AND LOWER LIMITS OF 
CONFIDENCE INTERVAL FOR INTERCEPT TIME = 
INTERCEPT TIME FOR N'TH SLOPE + PRODUCT OF 
STUDENT T AND SQUARE ROOT OF EST. VARIANCE 
OF REGRESSION COEFFICIENT OF INTERCEPT TIME 
FOR N'TH SLOPE 
AUP(N)=ARANGE(N)+A(N) 
ADWN(N)=A(N)-ARANGE(N) 
COMPUTATION OF UPPER AND LOWER LIMITS OF 
CONFIDENCE INTERVAL FOR N'TH SLOPE = INTERCEPT 
TIME FOR N'TH SLOPE + PRODUCT OF STUDENT T AND 
SQUARE ROOT OF EST. VARIANCE OF REGRESSION 
COEFFICIENT OF N'TH SLOPE 
BUP(N)=BRANGE(N)+B(N) 
BOWN(Ni=B(N)-BRANGE(N) 
COMPUTATION OF UPPER AND LOWER RANGE OF NTH 
VELOCITY = RECIPROCAL OF UPPER AND LOWER 
LIMITS OF CONFIDENCE INTERVAL FOR N'TH SLOPE 
VUP(N)=1.0/BDWN(N) 
V0WN(N)-1«0/BUP(N) 
COMPUTATION OF N'TH VELOCITY + OR -  LIMITS 
VPLUS(N)=VUP(N)-V(N) 
V«IN(N)=V(N)-VOWN(N) 
WRITE! 3, 206) VUP(N),VDWN(N),V(N),VPLUS(N),VMIN(N) 
206 FORMAT('0*,20X,'UPPER VELOCI TY= ' ,F16.10,11X,20X,'LOWER VELOCITY 
1',F16.10,/1X,20X,'VELOCITY= ' ,F16.0, '+' ,F6. 0, 'AND-',F6.0) 
NN=LAB-N 
N=N+i 
IF CNN) 1,1,32 
SEISMIC DEPTH ANALYSIS USING COMPUTED INTERCEPT 
TIMES AND VELOCITIES FOR N'TH SLOPES 
READ IN INTERCEPT TIMES FOR N'TH VELOCITIES 
AND CORRESPONDING N'TH VELOCITIES FOLLOWED BY 
COMPUTATION OF SEISMIC DEPTHS 
NOTE: 
ASSUME INITIAL VELOCITY* VELO) TO BE 1100 FT/SEC 
WITH ZERO INTERCEPT TIME REPRESENTING AIR-SURFACE 
INTERFACE AND VELOCITY IN AIR BEING EQUAL TO i lOOFT/SEC. 
1 TIME=A(1) 
TYME=A(2) 
TYIM=A(3) 
VELO=llOO.O 
RAPID=V( 1) 
FAST=V(2) 
ZIP=V( 3) 
21 WRITE (3,11) 
11 FORMAT (1H0,T20, 'SEISMIC CALCULATIONS') 
WRITE (3, 77) 
77 FORMAT (IHO, T 1 5, ' •  )  
6 WRITE (3.7» 
7 FORMAT (IHO, TIO, « ID«,T21,«SURFACE TO FIRSTS T43,'FIRST TO SECON 
70». T64, 'SECOND TO THIRD', T85, 'DEPTH TO SECOND', T1Q6, '  DEPTH TO 
6 THIRD' I  
WRITE (3, 55) 
55 FORMAT (IHO, 120(1H*)) 
4 NNN=NNN+1 
COMPUTATION OF DEPTHtDEEP) FROM SURFACE TO TILL USING 
INITIAL VELOCITY (VELOI WITH 0 INTERCEPT TIME AND 
VELOCITY(RAPID) OF FIRST SLOPE AND IT'S INTERCEPT 
TIME(TIME) 
DEEP= (TIME/2.)*(RAPID*VELO)/(DSQRT((RAPID**2)-(VELO**2))) 
IF (TYME) 888, 888, 5 
CHECK POINT: PROGRAM WILL PROCEED IF VELOCITY 
OF FIRST BEDROCK LAYER IS GREATER 
THAN THAT OF THE TILL LAYER. 
5 DDO=FAST-RAPIO 
IF (ODD* 500,500,330 
COMPUTATION OF DEPTH(DEPTH) FROM TOP OF TILL TO TOP OF 
BEDROCK USING VELOCITY(FAST) OF SECOND SLOPE AND 
IT'S INTERCEPT TIME(TYME) 
330 DEPTH =((TYME-(DEEP * 2.) *(DSQRT((FAST**2) -  (VEL0**2)))/(FAST 
1 » VELO )) *  .5)*FAST * RAPID /(DSQRT((FAST**2)- (RAPI0**2))) 
COMPUTATION OF DEPTH(ZOEP) FROM SURFACE TO TOP OF 
BEDROCK 
ZDEP = DEEP + DEPTH 
DEPA(NNN)=ZDEP 
IF (TYIM) 890, 890, 8 
CHECK POINT: PROGRAM WILL PROCEED IF VELOCITY 
OF SECOND BEDROCK LAYER IS GREATER 
THAN THAT OF THE FIRST BEDROCK LAYER. 
8 ZZZ=Z1P-FAST 
IF (ZZZ) 500,500,331 
COMPUTATION OF DEPTHCOEPST) FROM TOP OF BEDROCK 
TO TOP OF SECOND BEDROCK LAYER USING VELOCITY(ZIP) 
OF THIRD SLOPE AND IT'S INTERCEPT TIME(TYIM) 
331 DEPST-{ (TYIM/2. )-(DEEP*(OSQRT( (ZIP**2)-(VEL0**2)))/(VELO*ZIP)) 
3-(DEPTH* <DSQRT((ZIP**2I-(RAPID**2))) /  (RAPID*ZIP))) *  ((FAST* 
4ZIP) /(DSQRT((ZIP**2) -  (FAST**2;))) 
COMPUTATION OF DEPTH(TOEPI FROM SURFACE TO SECOND 
BEDROCK LAYER 
TDEP = DEEP + DEPTH + OEPST 
DEPB(NNN)=TDEP 
892 WRITE (3, 893) ID, DEEP, DEPTH, DEPST, ZDEP, TDEP 
893 FORMAT (IHO, 5A4, F16.0, 4X, F16.0, 4X, F16.0, 9X, Fi6.0, 4X 
5F16.0) 
GO TO 3G0 
888 WRITE (3,889) ID, DEEP 
889 FORMATdHO, 5A4, F16.0» 
GO TO 300 
890 WRITE (3, 891) ID, DEEP, DEPTH, ZDEP 
891 FORMAT CIHC, 5A4, F16.0, 4X, F16.0, 29X, F16.0) 
GO TO 300 
300 L=L-1 
IF (L) 307,305,303 
303 WRIT£(3,304) 
304 FORMATC'O*,20X,«LOWER LIMITS FOR SEISMIC DEPTHS') 
READ IN UPPER LIMITS OF INTERCEPT TIMES AND 
CORRESPONDING VELOCITIES FOLLOWED BY COMPUTATION 
OF LOWER LIMIT OF SEISMIC DEPTHS 
TIME=AUP(1) 
TYME=AUP(2) 
TYIM=AUP(3) 
VELO=l100.0 
RAPID=VUPll) 
FAST=VUP(2) 
ZIP=VUP<3) 
GO TO 4 
305 WRITE(3,306) 
306 FORMAT!'0',20X,'UPPER LIMITS FOR SEISMIC DEPTHS') 
READ IN LOWER LIMITS OF INTERCEPT TIMES AND 
CORRESPONDING VELOCITIES FOLLOWED BY COMPUTATION 
OF UPPER LIMIT OF SEISMIC DEPTHS 
TIME=ADWN(1) 
TYME=A0WN(21 
TYIM=ADWN(3) 
VEL 0=1100.0 
RAPID=VDWN(1) 
FAST=VDWN<2) 
ZIP=VDWN(3) 
GO TO 4 
307 LL=LL-1 
MM=MM+1 
IF (LL) 500,309,310 
COMPUTATION OF DEPTHS FROM SURFACE TO TOP OF FIRST 
BEDROCK CFIRST DEPTH) AND SECOND BEDROCK (SECOND 
DEPTH) LAYERS RESPECTIVELY + OR -  902 CONFIDENCE 
LIMITS 
310 DEPAP=DePA(2l -0EPACl) 
DEPAM=DEPA( I |-DEPA( 3) 
0EPBP=0EPB(2)-DEPB(11 
DEPBM=DEPB(1)-DEPB(3) 
WRITE(3,320) DEPA(1 I•OEPAP,DEPAM,DEPB(1Ï,DEPBP,DEPBM 
320 FORMAT (  1H0,20X, • 1ST DEPTH=« ,F16.0,*+* ,F6.0, 'AND-' ,F6 .0 t / lX ,2ÛX,• 2 
2ND DEPTH=*,F16.0,* + ' ,F6.0, *AND-',F6.0) 
COMPUTATION OF INTERCEPT TIMES FOR CORRESPONDING 
ASSUMED LOW AND HIGH BLIND ZONE VELOCITIES 
AA(i;=YY-1.0/VV(l)*XX 
AA(2)=YY-1.0/VV(2)*XX 
WRITE(3,404) 
404 FORMAT('0',20X,'ASSUME LOW VELOCITY BLIND ZONE (2ND LAYER » -  M£A 
IN MINIMUM DEPTH*) 
D0=V(2)-VV(MM) 
IF (00) 500,500,410 
READ IN INTERCEPT TIMES FOR N'TH VELOCITIES AND 
CORRESPONDING N'TH VELOCITIES INCLUDING BLIND ZONE 
VELOCITY AND FOLLOWED BY COMPUTATION OF MODIFIED 
DEPTHS USING BLIND ZONE VELOCITIES 
410 TIME=A(l) 
TYME=AA(MM) 
TYIM=A(2) 
VELO=l100.0 
RAPI0=V(1) 
FAST=VV(MM) 
ZIP=V(2) 
GO TO 4 
309 WRITE(3,405) 
405 FORMAT («OSZOX, «ASSUME HIGH VELOCITY BLIND ZONE (2ND LAYER) 
1 MINIMUM DEPTH*) 
-  MEAN 
CHECX POINTS BLIND ZONE DEPTHS WILL NOT BE 
COMPUTED IF THE FIRST BEDROCK 
VELOCITY IS LESS THAN THE ASSUMED 
BLIND ZONE VELOCITY. 
ZZ=V( 2)-VV(MM) 
IF (ZZ) 500,500,311 
311 GO TO 410 
500 HRITE(3,501) 
501 FORMAT(1H1,20X,«2N0 DEPTH',13X,'3RD DEPTH',13X,'1ST VEL«,15X,•2ND 
2VEL',15X,'3RD VEL') 
WRITE(3,503)ID,0EPA(1),DEPAP,DEPB(1),DEPBP,V(1),VPLUS(1),V(2),VPLU 
3S(2),V{3),VPLUS(3) 
503 FORMAT(lH0,5A4,lX, '* ' ,F5.0 , '+' ,F5.0,7X»F5.0, '  +' ,F5.0,7X,F7.0,"+',  
6F7.0,9X,F7.0 , '+' ,F7.0 ,6X,F7.0, '+'  ,F7.0) 
WRITE(3,504)DEPAM,DEPBM,VMIN(1),VMIN(2)•VM1N(3) 
504 FORMATdH ,27X,'- '  ,F5.0,13X,F5 .0,14X,,F7.0 ,16X, F7.0,  13X 
7, '-*,F7.0) 
GO TO NEW SET OF DATAiNEW SEISMIC LOCATION) 
308 GO TO 50 
999 WRITE(3,897) 
897 F0RMAT(1H1,'ST0P') 
STOP 
END 
ANALYSIS Cf hATEB QUALITY DATA 
DIMENSION X(12),Y(i2),IND(i2) 
INTEGER I0(5)/5*'  */  
MARK = 0 
CONSTANTS FOR VERTICAL SPACING ON GRAPH 
Y(1)=10.G 
Y(2)=10.0 
Y13)=12.0 
Y(4)=I2.G 
Y(5)=i4.0 
Y(6J=14.0 
y(7)=4C.O 
Y(8)=40.0 
Y(9)=42.C 
Y(10)=42.0 
Y(l l)=44.0 
Y(121=44.C 
CONSTANTS FCR CONVERSION FRGK PPM AS CALCIUM 
CARBONATE TO PPM AS ION (A FCR CALCIUM,B FOR 
MAGNESIUM,C FOR NITRATE,D FOR BICARBONATE,E 
FOR CARBONATE) 
A=0«4 
B=0-24 
C=4.4285 
0=0.61 
E=0.6 
CONSTANTS FOR CONVERSION FROM PPM TO EPM (AA 
FOR SILICA,AB FOR IRON,AC FOR CALCIUM,AD FOR 
MAGNESIUM,AE FOR SODIUM,AF FOR POTASSIUM,AG 
FOR CARBONATE,AH FOR BICARBONATE,AI FOR SULFATE, 
BA FOR CHLORIDE,68 FOR FLUORIDE,8C FOR NITRATE, AND 
BD FOR PHOSPHATE) 
AA=0.14285 
AB=0.03581 
AC=0.04990 
AD=0.08224 
Afc=0.04350 
AF=0.02558 
AG=0.03333 
AH=0.01639 
AI=0.02082 
6A=0.02620 
88=0.05263 
60=0.01613 
60=0.03159 
CONSTANT FOR CONVERSION FROM SPECIFIC CONDUCTANCE w 
TO TOTAL DISSOLVED SOLIDS & 
8E=G.7 
READ IN IOENTIFiCATION(LOCATICNI OF DATA SET AND 
TOTAL HARDNESS AS PPM CALCIUM CARBONATE 
9 READ(1,500) (IND(I),1=1,3),TH 
500 FORMAT (3A4,F4-0) 
CHECK END OF DATA DECK 
NOTE: LAST CARD OF DATA DECK MUST BE BLANK IN ORDER TO STOP PROGRAM 
IF (TH) 999,999,10 
READ IN SILICA,IRON,CALCIUM,MAGNESIUM,SODIUM, 
POTASSIUM,CARBONATE,BICARBONATE,SULFATE(DETERMINED 
BY CITY OF AMES),SULFATE(DETERMINED BY ISU), 
CHLORIDE,FLUORIDE,NITRATE, AND PHOSPHATE IN PPM, 
SPECIFIC CONDUCTANCE IN MICROMHOS, FIELD TEMPERATURE 
IN DEGREES FAHRENHEIT, FIELD PH AND LABORATORY PH 
10 READ(1,2) CID{I), I=I,3),SI,FE,CA,AMG,ANA,AK,CO,HCQ,SOA,SOB,CL,FL, 
1AN0,P0,SPC,FTEM,FPH,ALPH 
2 FQRMAT(3A4,3X,F3.I,F4-2,F4.0,FA.0,F4.I,F4.2,F2.1,F3.0,F5-1,F5.1,F4 
2.2,F3.2,F5.3,F4.3,F4.0,F3.I,F2.1,F2.1) 
COMPUTATIONS FOR CONVERSION FROM PPM AS 
CALCIUM CARBONATE TO PPM AS ION 
12 PCA=CA*A 
PAMG=AMG*B 
PANO=ANO*C 
PHCO=HC0*0 
PCO=CO*E 
COMPUTATION FOR CONVERSION FROM PPM TO 
EPM 
ESI=SI*AA 
EFE=FE*AB 
ECA=PCA*AC 
EAMG=PAMG*AD 
EANA=ANA*AE 
EAK=AK*AF 
ECO=PCO*AG 
EHCO=PHCO*AH 
ESOA=SOA*AI 
ESOB=SOB*AI 
ECL=CL*BA 
EFL=FL*B8 
EANO=PANO*BC 
EP0=P0*80 
COMPUTATION OF TOTAL DISSOLVED SOLIDS 
TDSS=SPC*BE 
COMPUTATION OF SODIUM + POTASSIUM IN 
PPM AND EPM 
SUMNK=ANA+AK 
ESUNK=EANA+EAK 
SUM OF CATIONS(EPM) WITHOUT SILICA AND IRON 
OTEPC=ECA+EAKG+EANA+EAK 
SUM OF CATIONS(EPM) WITH SILICA AND IRON 
WT6PC=ESI+EF£+ECA+EANG+EANA+EAK 
SUM OF ANIONS(EPM) USING SULFATE ANALYZED 
BY CITY OF AMES 
T EPAA= ECO+EHCG+ESÛA+ECL+EFL+EANO+EPÛ 
SUM OF ANIUNS(EPM) USING SULFATE ANALYZED 
BY ISU 
TEPA8=TEPAA-ES0A+ES0B 
SUM OF TOTAL ANIONS AND CATIGNS(EPM) WITH 
SILICA AND IRON AND SULFATE ANALYZED BY CITY 
AHTEP=WTEPC+TEPAA 
SUM OF TOTAL ANIONS AND CATICNS(EPM) WITH SILICA 
AND IRON AND SULFATE ANALYZED BY ISU 
8WTEP=WTEPC+TEPAB 
SUM OF TOTAL ANIONS AND CATIONS WITHOUT SILICA 
ANO IRON BUT WITH SULFATE ANALYZED BY CITY 
AOTEP=CTEPC+TEPAA 
SUM OF TOTAL ANIONS AND CATIONS WITHOUT SILICA 
AND IRON BUT WITH SULFATE ANALYZED BY ISU 
BOT EP=OT E PC+T E P AS 
COMPUTATION OF CARBONATE HARDNESS(CARHD) WHERE 
CARBONATE HARDNESS IS EQUAL TO ALKALINITY 
(BICARBONATE + CARBONATE) BUT NOT GREATER THAN 
TOTAL HARDNESS(CAfMG) 
OIFHD=TH-HCO 
IF (DIFHD) 600,601,601 
600 CARHD=TH 
GO TO 602 
601 CARHO=HCO 
COMPUTATION CF NON-CARBONATE HARDNESSiDIFÏ = 
TOTAL HARDNESS -  CARBONATE HARDNESS 
602 DIF=TH-CARHD 
COMPUTATIONS FOR CENTERING STIFF DIAGRAM PLCTS 
FOR THE FOLLOWING IONS: CALCIUM(EPM), ISU 
SULFATE(EPMJ,BICARBONATE!EPM),MAGNESIUM(EPM), 
SUM OF POTASSIUM AND SODIUM(EPM), AND SILICA 
(EPM) 
X( 11=20.0-ECA 
X(2)=20-0+ES0B 
X(3)=20.0+£HC0 
X(4)=20.0-£AMG 
X!5)=20.0-ESUNK 
X(6)=20.0+ESI 
COMPUTATIONS FOR CENTERING STIFF DIAGRAM PLOTS FOK THE 
FOLLOWING IONS: CARBGNATE(PPM),NITRATEIPPM),PHOSPHATE 
(PPM),IRON(PPM),FLUORIDE(PPM), AND CHLORIDE(PPM J 
X(7)=20.O+PCO 
X(8)=20.O-PANO 
X(9)=20.0-P0 
X(10)=20.0+fE 
X( 11) = 20«0+FL 
X(12)=20.0-CL 
510 
335 
511 
336 
MARK =MARK + 1 
IF (MARK .EQ. 1) 
IF (MARK .LE. 3) 
MARK = 1 
WRITE (3,335) 
FORMAT (1H1,35X, 
GO TO 510 
GO TO 511 
8X, 
8X, 
SI 
WRITE (3,336) 
FORMAT (IHO, 
i 2X, 3A4, 
WRITE (3,337) 
337 FORMAT (• »,» 
7A) SUL(B) CL 
WRITE(3,338) 
338 FORMAT (• », *PPM| 
?  ' | ' , F 5 . 2 , ' | ' ,  
%  ' | ' , F 4 . 2 , ' | ' ,  
•WATER ANALYSIS' 
( I N 0 ( I ) , I = 1 , 3 )  
,*  * * * * * »,,I IX 
* * * * * * * * * )  
«SAMPLE NUMBER', 
F 
F£ CA MG NA 
NIT PHOS' )  
SI,FE,PCA,PAMG,ANA,AK, PCO,PHCO 
' , F 4 . 1 ,  ' | ' , F 4 . 2 , ' | ' , F 5  
•»'- F5.1, ' | ' ,  F6.1, 
K CO HCG SUL( 
F 3 - l , » |  
,SOA,SOB,CL,FL,PANG,PO 
. 0 , '  1 » , F 5 - 1 , ' I ' , F 5 . 1 ,  
F 6 . 3 , ' l ' ,  F 5 . 3  
1 F 6 . 1 , ' I ' ,  F 5 . 2 ,  
) 
WRITE (3,339) 
&EFL,EANO,EPO 
3 3 9  F O R M A T  ( '  ' ,  
£SI,EFE,tCA,cAMG,EANA,EAK,ECO,EHCC,ESCA,ESGB,ECL, 
' E P M j  F 4 . 2 , '  I  '  , F 4 . 2 , '  I  '  ,  
F 5 . 2 , ' I  » ,  F 5 . 2 , ' I ' , F 3 . 1 , ' | ' , F 5 . 2 , ' | ' , F 6 . 2  
F 5 . 2 , ' l ' ,  F 5 . 2 , ' | ' ,  
| ' , F 6 . 2 , ' | ' , F 5 . 2 , ' | ' ,  
1 F 4 . 2 , ' | ' , F 6 . 2 , ' | > , F 5 . 3 )  
WRITE (3,340) WTEPC,TEPAA,TEPAB,BWTfcP 
340 FORMAT ( '  2X, 'TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL 
& ANION+SULFATE(B) TOTAL EPM SULFATE(B)' /  • EPM', 2X, 
i  F6.2, 13X, F6.2, 18X, F6.2, 17X, Fô.2 ) 
WRITE (3,341) 
341 FORMAT (IHO, IX, 'TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONA 
<TE HARDNESS NON-CARBONATE HARDNESS* )  
WRITE (3,342) TOSS, TH, CARHD, DIF 
342 FORMAT (• ' , 'PPM', 6X, F5.1, 16X, F4.0, 14X,F4.0, 17X, 
> F4.0 ) 
WRITE (3,343) 
343 FORMAT ( 17X, «SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEM 
P' )  
WRITE (3,334) S PC,FPH,ALPH,FTEM 
334 FORMAT (• ' ,  23X, F5.0, 12X, F3-1, ÔX, F3.I,  6X, F4.1 ) 
PLOT STIFF DIAGRAMS WITH Y(I) REPRESENTING ARBITRARY 
VERTICAL SPACING UNITS AND X(I) REPRESENTING UNITS 
IN EPM FOR LOWER STIFF DIAGRAM AND IN PPM FOR UPPER 
STIFF DIAGRAM 
NOTE: THE VALUE X=2G EITHER AS PPM OR EPM IS CONSIDERED 
AS THE ZERO BASE LINE- THE VALUES OF CA,MG,AND K+ 
NA ARE SHOWN AS EPM TO THE LEFT OF THE BASE LINE 
AND ISO SULFATE,BICARBONATE, AND SILICA ARE SHOWN 
AS EPM TO THE RIGHT OF THE BASE LINE CONSECUTIVELY 
FROM BOTTOM TO TOP IN THE LOWER STIFF DIAGRAM ON 
OUTPUT GRAPH. THE VALUES OF NITRATE,PHOSPHATE, AND 
CHLORIDE ARE SHOWN AS PPM TO THE LEFT OF THE BASE 
LINE, AND CARBONATE,IRON, AND FLUORIDE AS PPM TO 
THE RIGHT OF THE BASE LINE CONSECUTIVELY FROM 
BOTTOM TO TOP IN THE UPPER STIFF DIAGRAM PLOT ON 
OUTPUT GRAPH. 
CALL GRAPHC12,X,Y,4,7,14.0,5.0»4.0,0.0,10.0,0.0,0.0,0.0,0.0,INO) 
GC TO NEW SET OF DATA REPRESENTING A NEW STATION 
ro 
Ln O 
GO TO 9 
999 STOP 
END 
251 
APPENDIX E: RESISTIVITY DATA 
252 
LOCATION 
NUMBER 
E4G 
E450G 
E5G 
Resistivity Data 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
735 
780+55 
925-40 
WIH 
E2H 
E3H 
E4H 
E450H 
E470H 
E6H 
E7H 
E8H 
E9H 
815 
830-35 
835-35 
780+30 
810 
875+10 
980-40 
960+30 
-40 
900 
885 
Wll 
W2I 
W3I 
W4I 
W5I 
W7I 
W8I 
W9I 
805+60 
865 
855 
825 
800+45 
845b 
865b 
850b 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
735 
780 
885 
815 
830 
800 
810 
810 
875 
980 
960 
900 
885 
865 
865 
855 
825 
845 
845b 
865b 
850b 
253 
FIRST BEDROCK FINAL BEDROCK 
LOCATION SUBDATUM SUBDATUM 
NUMBER APPROXIMATION APPROXIMATION 
E2I 770-65 770 
E325I 900 900 
E350I 920 920 
E410I 835+30 835 
E425I 855-25 830 
E450I 860 860 
E475I 825 825 
E5I 885+35 915 
E6I 905 905 
E7I 945+40 985 
ESI 970-25 970 
E9I 925-25 925 
W2J 785+40 785+40 
W3J 765+60 765 
W4J 840 840 
W5J 7904-35 825 
W6J 830+40 870 
W7J 855+45 785 
-70 
W8J 865+35 865 
E375J 815+30 845 
-40 
E450J 840 840 
E5J 920-55 920 
254 
LOCATION 
NUMBER 
E550J 
E6J 
E690J 
E9J 
EIOJ 
E14J 
FIRST BEDROCK 
SDBDATUM 
APPROXIMATION 
840-25 
+70 
865+20 
-20 
915 
1010 
880-15 
+20 
805+60 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
910 
865 
915 
1010 
880 
865 
E3J25 
E4J25 
E8J25 
850-20 
860+10 
-30 
990+30 
830 
860+10 
990 
E3J75 
E4J75 
865-70 
815+45 
865 
860 
W2K 
W3K 
W4K 
W5K 
W6K 
W7K 
W8K 
W9K 
875 
790-40 
805 
810+35 
910-95 
785b 
840(-10b) 
965+50 
-100 
875 
790 
805 
810 
815 
785b 
840 
965 
255 
LOCATION 
NUMBER 
E525K 
E575K 
E625K 
E680K 
E9K 
E14K 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
885-40 
915-50 
865-35 
+30 
800+30 
995 
865-60 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
885 
915 
895 
830 
995 
865 
E8K25 970 970 
WIL 
W2L 
W3L 
W5L 
W6L 
W7L 
W8L 
W9L 
WIOL 
E3L 
E4L 
E5L 
E6L 
855+25 
-55 
790 
790+25 
-50 
805+60 
840 
825+50 
860+25 
-40 
860-40b 
865-40b 
935 
905+35 
-30 
910+25 
920 
855 
790 
790 
805 
840 
825 
860 
860 
865 
935 
905+35 
910+25 
920 
256 
LOCATION 
NUMBER 
E675L 
E9L 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
885-30 
+20 
945+10 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
905 
955 
E8L10 
E6L75 
845+30 
855 
875 
855 
WIM 
W2M 
W3M 
W4M 
W5M 
W6M 
W7M 
W8M 
W9M 
E3M 
E4M 
E5M 
E575M 
E675M 
E775M 
835+20 
-25 
785+40 
-40 
845-20 
830-40 
+30 
850 
860-60 
850+60 
-30 
825+90 
885-30b 
865+35 
-50 
865+35 
840 
915-55 
845 
915 
835 
785 
825 
860 
850 
800 
850 
915 
885 
865 
865 
840 
860 
845 
915 
257 
LOCATION 
NUMBER 
E890M 
E950M 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
950 
985 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
950 
985 
WIN , 
W2N 
W3N 
W4N 
W5N 
W6N 
W7N 
W8N 
W9N 
E2N 
E3N 
E4N 
E5N 
E6N 
É7I0N 
E8N 
E9N 
WIO 
825-30 
+30 
840-40 
+130 
815+25 
-30 
855-60 
+30 
795-35 
835 
845 
790b 
820b 
820 
965 
910+20 
-25 
875+20 
880+30 
-25 
805+55 
905-60 
935 
815 
825 
840 
815 
795 
795 
835 
845 
790b 
820b 
820 
965 
930 
895 
880-25 
860 
845 
935 
815 
258 
LOCATION 
NUMBER 
W20 
W30 
W40 
W50 
W60 
W70 
W80 
W90 
E20 
ESQ 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
835-30 
+30 
800 
825 
805-20 
835 
900 
875-20 
840b 
815 
860-30b 
+80 
E3750 
E4500 
E550O 
E6400 
E80 
E90 
895-15 
830+50 
905-50 
925+15 
965-65 
1000-80 
WIP 
W2P 
W3P 
W4P 
W5P 
W6P 
895+25 
900-20 
820+65 
860-60 
820+30 
805-40 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
805 
800 
825 
785 
835 
900 
855 
840b 
815 
860 
880 
880 
855 
925 
900 
1000 
895 
880 
885 
860 
820 
765 
259 
FIRST BEDROCK FINAL BEDROCK 
LOCATION SUBDATUM SUBDATUM 
NUMBER APPROXIMATION APPROXIMATION 
W7P 800 800 
W8P 885 885 
W9P 870b 870b 
E2P 900-100 800 
E250P 905-70 835 
E350P 910-40 910 
E450P 915 915 
E6P 915+20 915 
-30 
E750P 905 905 
E9P 900 900 
ElOP 1010-100 1010 
EllP 1015-125 1015 
WlQ 905+50 860 
-45 
W2Q 825+40 825 
W3Q 810+40 810 
W4Q 910 910 
W5Q 820+40 860 
W6Q 825 825 
W7Q 800+60 800 
W8Q 840 840 
W9Q 870+30 8 70 
WIOQ 830b 830b 
260 
LOCATION 
NIMBER 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
WllQ 860+90 
E2Q 920-90 
E3Q 950-90 
E4Q 880 
E6Q 925 
E8Q 915-50 
+20 
ElOQ 1015 
E5Q50 855-30b 
WIR 875-30 
+40 
W2R 910+20 
-40 
W3R 840-50 
W4R 860-60 
W5R 830+55 
W6R 835-30 
W7R 840+20 
-40 
W8R 800+40 
WIOR 875+30 
WllR 900+35 
-25 
W12R 910-60 
Ë2R 855 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
950 
830 
860 
880 
925 
935 
1015 
855 
915 
870 
790 
800 
830+55 
805 
800 
840 
905 
900 
850 
855 
261 
LOCATION 
NIMBER 
E3R 
E4R 
E775R 
E9R 
ElOR 
EI1R25 
E6R50 
WIS 
W2S 
W3S 
W4S 
W5S 
W6S 
W7S 
W8S 
W9S 
WIOS 
WllS 
W12S 
E2S 
E3S 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
915-40 
915 
945 
945 
1005 
1035 
985 
885-80 
910-50 
840+60 
830+60 
-80 
790-30 
+80 
830 
810+70 
840 
805-50 
+75 
910-40 
850-50 
800b 
775+60 
875-35b 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
875 
915 
945 
945 
1005 
985 
985 
885 
860 
840 
830 
790 
830 
810 
840 
805 
870 
850 
800b 
835 
840 
262 
LOCATION 
NUMBER 
E4S 
E5S 
E6S 
E8S 
E9S 
ElOS 
E12S 
WIT 
W2T 
W3T 
W4T 
W5T 
W6T 
W7T 
W8T 
W9T 
WIOT 
WllT 
W12T 
E2T 
FIRST BEDROCK 
SUBDATDM 
APPROXIMATION 
965-60 
865+60 
975 
990 
985 
975+30 
-30 
945-90 
+90 
895 
800+30 
-40 
885+40 
790+70 
810+40 
820+45 
800 
800+60 
830-60 
875+30 
-30. 
815 
820b+40 
930+35 
-40 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
905 
925 
975 
990 
985 
1005 
1035 
895 
800 
925 
790 
810 
820 
800 
800 
770 
845 
815 
860 
930 
E3T 925-35 925 
263 
LOCATION 
NUMBER 
E4T 
E5T 
E550T 
E7T 
E9T 
EUT 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
925-40 
910-40 
915-60 
1000 
990 
1090-80 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
885 
910 
915 
1000 
990 
1010 
E6T50 920+20 920 
WIU 
W2U 
W3U 
W4U 
W5U 
W6U 
W7U 
W8U 
W9U 
WlOU 
WllU 
W1270U 
E2U 
770+100 
920+35 
-30 
915-70 
815+70 
835+55 
-80 
805-30 
+35 
830+30 
-25 
880+43 
-30 
825 
940-50 
910-40 
785-5b 
905 
870 
920 
915 
815 
835 
775 
830 
850 
825 
890 
870 
785 
905 
LOCATION 
NUMBER 
E3U 
E5U 
E8U 
ElOU 
E12U 
WIV 
W2V 
W3V 
W4V 
W5V 
W6V 
W7V 
W8V 
W9V 
WlOV 
WllV 
E2V 
E3V 
E5V 
E7V 
264 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
935 
940-95 
1040-30 
1010+20 
1015+25 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
935 
940 
1010 
1010+20 
1015+35 
950-120 
915+90 
-60 
895+60 
-40 
880-25 
+50 
915 
905-60 
895+30 
-30 
885+95 
910-45 
900 
945+25 
-45 
970+25 
-60 
970-90 
935-80 
995-40 
950 
915 
955 
930 
915 
905 
895 
885 
865 
900 
945 
970 
880 
935 
955 
265 
LOCATION 
NUMBER 
E8V 
E9V 
EIIV 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
940 
985+35 
1065-65 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
940 
985 
1065 
WIW 
W2W 
W4W 
W6W 
W8W 
W9W 
WlOW 
WllW 
E150W 
E3W 
E4W 
E6W 
E8W 
ElOW 
E12W 
925-75 
910+20 
915 
925+25 
-45 
905+35 
-45 
895+55 
-40 
915 
930+25 
-40 
965-65 
925-35 
965-45 
945-35 
+55 
955+70 
1090 
1045+30 
-25 
925 
930 
915 
925 
940 
895 
915 
930 
900 
890 
920 
1000 
1025 
1090 
1075 
WIX 975-20 
+30 
975 
266 
LOCATION 
NUMBER 
W3X 
W4X 
W5X 
W7X 
W8X 
W9X 
W950X 
WlOX 
W1220X 
E2X 
E3X 
E5X 
E7X 
E9X 
EUX 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
1010-85 
950 
995 
955+25 
-20 
905+20 
910 
885 
900 
895+50 
980-90 
885+30 
925-65 
995 
1055+40 
1075+25 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
1010 
950 
995 
955 
905+20 
910 
885 
900 
895 
890 
915 
860 
995 
1055 
1075 
W2Y 
W4Y 
W6Y 
W7Y 
W8Y 
955+30 
-60 
863+75 
-55 
945+85 
-55 
950+25 
-65 
915+30 
-50 
955 
938 
945 
950 
915+30 
267 
LOCATION 
NUMBER 
W9Y 
WlOY 
WHY 
E150Y 
E3Y 
E6Y 
E8Y 
ElOY 
E12Y 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
905+55 
-45 
915+40 
975-80 
965+20 
-50 
935+30 
-40 
975 
1020 
945-30 
+110 
1060-20 
+50 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
905 
915 
975 
965+ 
935 
975 
1020 
1020 
1060 
W2Z 
W3Z 
W4Z 
W5Z 
W6Z 
W7Z 
W8Z 
W9Z 
W980Z 
E3Z 
E5Z 
885 
905+60 
945+30 
975+45 
-55 
1055-55 
935 
975+65 
905 
900 
950+25 
-130 
940+40 
-40 
885 
965 
975 
1020 
1055 
935 
945 
905 
900 
950 
980 
268 
LOCATION 
NUMBER 
E6Z 
E7Z 
E9Z 
E1080Z 
W1250Z20 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
985 
1035-25 
995+25 
-40 
1075 
870+90 
-40 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
985 
1035-25 
995 
1075 
960 
E525Z80 1000 1000 
W2AA 
W3AA 
W4AA 
W6AA 
W820AA 
E250AÀ 
E390AA 
E8AA 
ElOAA 
E12AA 
860+100 
980+45 
-55 
960-100 
995+50 
925 
925+110 
—80 
910+30 
-30 
970-40 
+25 
990-50 
1045-60 
860 
980 
960 
1045 
925 
925 
910 
970+25 
990 
1045 
W1080AA40 945 945 
W6AA60 1055-70 1055 
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LOCATION 
NUMBER 
W3BB 
W5BB 
W7BB 
W1030BB 
W1150BB 
W1270BB 
E3BB 
E5BB 
E6BB 
E7BB 
E850BB 
E9BB 
EllBB 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
945 
995+25 
875+50 
880+45 
875+60 
865+50 
885-40 
+60 
920+30 
-25 
935-50 
+30 
1035 
1055 
970-30 
1000+60 
-20 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
945 
1020 
925 
925 
935 
915 
945 
950 
965 
1035 
1055 
970 
1000 
W1BB30 1025-120 905 
+20 
W870BB60 960-45 960 
W250BB80 945 ' 945 
E7BB80 1005-40 1005 
W4CC 1055-50 1005 
W6CC 1015 1015 
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LOCATION 
NUMBER 
WIOCC 
WllCC 
E2CC 
E4CC 
E6CC 
E8CC 
EIOCC 
E12CC 
W8CC50 
WIDD 
W3DD 
W450DD 
WllDD 
W1280DD 
E3DD 
E5DD 
E7DD 
E9DD 
FIRST BEDROCK 
SUBDATUM 
APPROXIMATION 
1040+25 
-120 
945-65 
920+30 
-20 
935-30 
+20 
945+100 
1010-30 
965+30 
-70 
1010+60 
985+20 
1000+50 
-20 
970-35 
+65 
1020-25 
975+20 
1000+30 
950-70 
950+50 
-45 
1015+30 
1050+40 
-60 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
1040 
945 
950 
935 
1045 
1010 
965 
1010 
1005 
1000 
935 
1020 
975+20 
1000 
950 
950 
1045 
990 
W6DD20 1005-25 1005 
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LOCATION 
NUMBER 
W920DD40 
W680DD80 
FINAL BEDROCK 
SUBDÂTDM 
APPROXIMATION 
1005 
875+80 
-60 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
1005 
955 
W2EE 
W8EE 
WIOEE 
W1120EE 
E2EE 
E4EE 
E640EE 
E8EE 
1000+40 
-30 
960-65 
1020+15 
1040-80 
1045-80 
1025-40 
+60 
1005 
930-40b 
1000 
960 
1020 
960 
1045 
1025 
1005 
930 
W150FF 
W33FF 
W5FF 
W9FF 
W1050FF 
W1180FF 
E280FF 
E5FF 
E7FF 
960+110 
975+35 
-45 
965-70 
935+50 
980-65 
960 
1045+20 
935+70 
1060 
960 
930 
965 
935 
980 
960 
1065 
1005 
1060 
W7FF20 960+45 1005 
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LOCATION 
NUMBER 
E2FF70 
W2GG 
W4GG 
W9GG 
W106G 
E4GG 
E6GG 
E8GG 
W590GG10 
W11GG30 
WI6G60 
E5GG70 
W3HH 
W5HH 
W9HH 
WIOHH 
E3HH 
FIRST BEDROCK 
SUBDATDM 
APPROXIMATION 
1065 
1045+25 
-40 
1015 
915 
965-65 
1045+30 
-30 
915+70 
970+40 
-50 
1005+40 
955-45 
1025 
1045+40 
1035 
990 
965-45 
945-45 
1085+60 
FINAL BEDROCK 
SUBDATUM 
APPROXIMATION 
1065 
1005 
1015 
915 
900 
1075 
915 
970 
1005 
955 
1025 
1085 
1035 
990 
920 
945 
1085 
W1150HH20 970 970 
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LOCATION 
NUMBER 
E7HH60 
FIRST BEDROCK 
SUBDATDM 
APPROXIMATION 
1045 
FINAL BEDROCK 
SUBDATDM 
APPROXIMATION 
1045 
W2II 
W850II 
W950II 
W1050II 
W1L60II 
E2II 
E350II 
E6II 
E8II 
1060-25 
975-45 
925+45 
970+25 
1015 
1055-70 
+50 
1030-30 
+35 
975+30 
-20 
935+30 
-20 
1060 
930 
970 
970 
1015 
1055 
1065 
975 
975 
W590II50 
E7II50 
1025-35 
1050 
990 
1050 
WlJJ 
W3JJ 
W1070JJ 
E350JJ 
E9JJ 
1065+40 
-30 
975-25 
975-25 
1065 
985+30 
-60 
1065 
995 
975 
1065 
985 
E5JJ10 1040+30 
-30 
1070 
274 
LOCATION 
NUMBER 
E4JJ50 
FIRST BEDROCK 
SDBDATDM 
APPROXIMATION 
1080 
W7KK 
W850KK 
E2KK 
E6KK 
E8KK 
WILL 
E350LL 
E5LL 
E7LL 
1040 
1010 
1070+40 
-80 
1075-90 
1070+40 
1050+70 
1075 
1020+20 
990+30 
-30 
E4MM 
E6MM 
E8MM 
E2MH50 
1065+40 
-30 
1030+30 
-30 
995+30 
1100-60 
FINAL BEDROCK 
SUBDATOM 
APPROXIMATION 
1080 
1040 
1010 
1070 
1075 
1070 
1050 
1075 
1040 
1020 
1065 
1060 
1025 
1100 
E7MM60 1050 1050 
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XII. APPENDIX F; SEISMIC DATA 
LOCATION 
NUMBER ELEVATIW 
W5J50 S 1065 
W6J50 N 1080 
W3K E 960 
(W-Int.) 
W3K W 1010 
(W-Int.) 
W4K E 1020 
(E-Int.) 
W4K W 1020 
W2L E 938 
W2L W 938 
(W-bridge, 
E-Int.) 
E2M W 1020 
(W-Int.-500') 
W2M E 960 
(E-Int.-800') 
W2M W 96® 
Seismic Data 
BEDROCK 
SUBDATUM 
SAND & TILL 
VELOCITY 
791+30 
-32 
5244.+ 198. 
- 184. 
801+13 
-14 
5516.+ 126. 
- 120. 
803+14 
-15 
4853.+ 106. 
- 101. 
751+18 
-18 
5769.+ 169. 
- 159. 
745+32 
-34 
5568.+ 343. 
- 305. 
746+40 
-42 
5431.+ 156. 
- 147. 
855+11 
-20 
6176.+1686. 
785+16 
-21 
8015.+1050. 
864+16 5440. + 600. 
-19 - 491. 
787+18 5585.+ 394. 
-19 - 345. 
782+24 5568.+ 287. 
-26 - 260. 
FIRST BEDROCK 
VELOCITY 
14189.+ 3032. 
- 2124. 
12651.+ 821. 
- 727. 
12528.+ 1038. 
889. 
17093.+ 1933. 
- 1576. 
13868.+ 2478. 
- 1826. 
14383.+ 4410. 
- 2733. 
11141.+ 513. 
- 469. 
13490.+ 929. 
- 816. 
10769.+ 762. 
667. 
13235.+ 1237. 
- 1041. 
13486.+ 2051. 
- 1573. 
LOCATION 
NUMBER ELEVATION 
W3M W only 960 
W4M E 1020 
(E-Int.-200') 
W4M W 1020 
W310N E 990 
(E-Int.-400') 
W310N W 980 
(1/2) 
(E-Int.-400') 
W5N E 1060 
W5N W 1060 
W7N E 1100 
(W-Int.) 
W7N W 1100 
E40 E 1002 
(E-Int.) 
E40 W 1002 
BEDROCK 
SUBDATUM 
835+13 
-14 
850+13 
-15 
797+22 
-23 
825+12 
-15 
748+15 
-19 
746+32 
-35 
817+15 
-16 
833+24 
-24 
840+30 
877+13 
-15 
853+20 
-23 
SAND & TILL FIRST BEDROCK 
VELOCITY VELOCITY 
5172.+ 539. 11864.+ 703. 
- 445. - 628. 
5676.+ 369. 12115.+ 716. 
- 327. - 640. 
6012.+ 272. 13920.+ 1697. 
- 249. - 1364. 
5440.+ 363. 12709.+ 817. 
- 320. - 724. 
6364.+ 756. 14138.+ 404. 
- 613. - 382. 
5810.+ 171. 15672.+ 3229. 
- 161. - 2287. 
5600.+ 229. 12209.+ 824. 
- 212. - 725. 
6025.+ 194. 13125.+ 1470. 
- 183. - 1201. 
5570.+ 121. 11932.+ 1955. 
- 116. - 1473. 
4930.+ 486. 12257.+ 832. 
- 407. - 733. 
5865.+ 480. 11053.+ 1026. 
- 411. - 866. 
LOCATION 
NUMBER ELEVATION 
BEDROCK 
SUBDATUM 
£30 W 
(W-Int.) 
E20 E 
(W-Int.) 
£20 W 
W20 N 
W20 S 
(S-Int.) 
W40 N 
W40 S 
(S-Int.) 
«50 E 
W50 W 
(1/2) 
(E-Int.) 
W60 E only 
(W-Int.) 
W70 W only 
(E-Int.) 
853+28 
-32 
838+15 
-17 
806+28 
-30 
764+27 
-29 
769+10 
-10 
785+20 
-23 
800+13 
-14 
839+21 
-22 
780+13 
-14 
846+31 
-31 
829+87 
-90 
1040 
1067 
1067 
1020 
1020 
1020 
1020 
1046 
1046 
1100 
1120 
SAND & TILL FIRST BEDROCK 
VELOCITY VELOCITY 
6125.+ 619. 11779.+ 1593. 
- 515. - 1254. 
5017.+ 299. 13219.+ 1052. 
- 267. - 907. 
5611.+ 168. 16610.+ 3410. 
- 159. - 2417. 
5586.+ 184. 14789.+ 2746. 
- 173. - 2003. 
5738.+ 283. 13816.+ 512. 
- 257. - 477. 
5643.+ 349. 16858.+ 2271. 
- 311. - 1789. 
5034.+ 134. 17500.+ 1733. 
- 127. - 1446. 
5288.+ 346. 11855.+ 1217. 
- 307. - 1010. 
5554.+ 203. 15675.+ 626. 
- 189. - 580. 
i\) 
5316.+ 113. 
- 108. 
5426.+ 127. 
- 121. 
12069.+ 2220. 
- 1623. 
13816.+13222. 
- 4538. 
LOCATION BEDROCK 
NUMBER ELEVATION SUBDATUM 
W3P E 1020 835+17 
-18 
W3P W 1020 852+ 7 
(W-Int«) — 8 
W5P E 1005 808+ 6 
(E-Int.) - 6 
W5P W 1005 802+22 
W6P E 1020 777+24 
(W-Int.) -26 
W6P W 1020 796+36 
-41 
W7P E 1080 803+30 
(W-Int.) -31 
W7P W 1080 762+52 
-55 
W8P E 1160 872+60 
-61 
W8P W 1160 889+37 
(W-Int.) -36 
W9P E 1177 847+133 
-139 
SAND & TILL 
VELOCITY 
FIRST BEDROCK 
VELOCITY 
6084.+ 260. 
- 239. 
14272.+ 1361. 
- 1143. 
5619.+ 179. 
- 168. 
13184.+ 491. 
- 457. 
5852.+ 154. 
- 147. 
15077.+ 448. 
- 423. 
5724.+ 148. 
- 140. 
15627.+ 2147. 
- 1660. 
5477.+ 258. 
- 236. 19444.+ 4310. 
- 2985. 
6151.+ 490. 
- 423. 
15249.+ 3804. 
- 2538. 
6291.+ 232. 
- 216. 
15909.+ 3136. 
- 2249. 
6231.+ 196. 
- 183. 
19444.+10491. 
5045. 
5327.+ 59. 
58. 
12651.+ 5967. 
- 3071. 
5502.+ 100. 
96. 
11538.+ 2309. 
- 1648. 
5521.+ 101. 
97. 
14000.+37675. 
- 5903. 
LOCATION 
NUMBER 
W9P W 
(1/2) 
(E-Int.) 
E30 E 
W2Q E 
(W-Int.) 
W2Q W 
W3Q E 
(W-Int.) 
W3Q W 
W6Q E 
(E-Int.-500') 
W6Q W 
W8Q E 1105 
(W-Int.) 
W8Q W 1105 
W9Q E 1100 
(W-Int.) 
BEDROCK 
SUBDATUM 
847+12 
-12 
808+63 
-72 
844+ 9 
- 8 
854+22 
-24 
811+11 
-12 
889+19 
-25 
811+19 
-21 
788+38 
-41 
833+26 
-26 
900+57 
-54 
867+27 
-30 
ELEVATION 
1177 
1040 
1095 
1095 
1030 
1030 
1020 
1020 
SAND & TILL 
VELOCITY 
FIRST BEDROCK 
VELOCITY 
5445.+ 71. 14047.+ 490. 
70. - 459. 
6753.+ 817. 13816.+ 5169. 
- 658. - 2957, 
5837.+ 140. 13816.+ 512. 
- 134. - 477. 
5572.+ 201. 12805.+ 1581. 
- 188. - 1268. 
5510.+ 362. 16705.+ 842. 
- 320. - 766. 
4884.+ 915. 12257.+ 1084. 
- 666. - 922. 
5551.+ 303. 16154.+ 2065. 
- 272. - 1645. 
5765.+ 267. 17668.+ 6342. 
- 245. - 3691. 
5297.+ 132. 13291.+ 2177. 
- 126. - 1640. 
5810.+ 188. 9459.+ 2276. 
- 176. - 1536. 
6121.+ 459. 12651.+ 1674. 
- 400. - 1324. 
LOCATION 
NUMBER ELEVATION 
BEDROCK 
SUBDATUM 
W9Q W 
WIIQ E 
(W-Int.) 
WllQ W 
(W-Int.) 
EllR S 
(0-65') 
W3R E 
W3R W 
(W-Int.) 
W4R E 
W4R W 
(W-Int. ) 
W5R N 
W5R S 
(N-Int.) 
780+102 
-109 
907+46 
-47 
987+31 
-34 
1045+14 
-12 
811+29 
-30 
808+13 
-14 
871+15 
-16 
832+ 6 
- 6 
815+18 
-19 
833+ 9 
- 9 
1100 
1140 
1140 
1059 
1040 
1040 
1028 
1028 
1012 
1012 
SAND & TILL 
VELOCITY 
FIRST BEDROCK 
VELOCITY 
6370.+ 150. 18103.+34000. 
- 143. - 7148. 
5238.+ 187. 10000.+ 2421. 
- 175. - 1631. 
4946.+ 330. 8122.+ 1032. 
- 291. - 823. 
5000.+ 0.0 7143.+18598. 
- 2996. 
6164.+ 175. 15377.+ 3032. 
- 167. - 2175. 
6296.+ 218. 16858.+ 1305. 
- 205. - 1870. 
5615.+ 184. 12746.+ 1069. 
- 171. - 916. 
5501.+ 124. 15000.+ 494. 
- 118. - 463. 
6176.+ 222. 15077.+ 1616. 
- 206. - 1331. 
6358.+ 236. 14272.+ 625. 
- 219. - 575. 
LOCATION 
NUMBER 
W8R E 
(W-Int.) 
WBR W 
WIOR E 
(E-Int.) 
WIOR W 
(1/2) 
(E-Int.) 
WllR E 
WllR W 
W12R E 
ELEVATION 
1064 
1064 
1095 
1105 
1117 
1117 
1130 
BEDROCK 
SUBDATUM 
841+24 
-29 
795+83 
-87 
904+37 
-38 
827+14 
-15 
733+97 
-108 
819+52 
-52 
841+100 
W12R W 
ElO S 
0-100' 
(10' spac) 
W2S E 
(E-Inst.) 
W5S E 
1130 
1056 
1090 
1040 
841+14 
-15 
1040+ 6 
- 6 
894+24 
-26 
753+32 
-34 
SAND & TILL 
VELOCITY 
FIRST BEDROCK 
VELOCITY 
5589.+ 662. 14355.+ 1949. 
- 535. - 1532. 
5676.+ 224. 15000.+14735. 
- 208. - 4970. 
5558.+ 224. 10208.+ 1838. 
- 208. - 1351. 
5822.+ 166. 14385.+ 533. 
- 158. - 495. 
5989.+ 72. 26250,+26250. 
71. -12516. 
6117.+ 59. 14789.+ 5807. 
59. - 3253. 
5595.+ 123. 12500.+12206. 
- 117. - 4134. 
5600.+ 136. 12775.+ 445. 
- 130. - 416. 
4545.+ 641. 7179.+ 2087. 
- 499. - 1319. 
5637.+ 330. 13934.+ 2103. 
- 297. - 1616. 
5672.+ 148. 15441.+ 3340. 
-. 141. - 2379. 
LOCATION 
NUMBER ELEVATION 
BEDROCK 
SUBDATUM 
W5S W 
(W-Int.) 
W7S E 
W7S W 
(W-Int.) 
W8S E 
(E-Int.) 
W8S W 
W9S E 
(1/2) 
(E-Int.) 
W9S W 
1/2 
WIOS E 
(E-Int.) 
WIOS W 
WllS E 
(E.Int.) 
WllS W 
832+28 
-28 
819+21 
-23 
822+18 
-18 
838+23 
-28  
838+27 
-30 
802+12 
-13 
815+14 
-15 
879+33 
-33 
883+50 
-51 
812+20 
-20 
793+29 
-30 
1040 
1050 
1050 
1060 
1060 
1040 
1040 
1080 
1080 
1080 
1080 
SAND & TILL FIRST BEDROCK 
VELOCITY VELOCITY 
5787.+ 202. 11667.+ 1659. 
- 188. - 1292. 
5810.+ 175. 14244.+ 1853. 
- 164. - 1470. 
5643.+ 141. 14469.+ 1559. 
- 134. - 1283. 
5133.+ 569. 14774.+ 1937. 
- 467. - 1534. 
5676.+ 368. 14700.+ 2662. 
- 326. - 1954. 
5776.+ 121. 18247.+ 839. 
- 116. - 768. 
6528.+ 316. 15087.+ 567. 
- 287. - 528. 
5927.+ 197. 11069.+ 1785. 
- 184. - 1349. 
5852.+ 307. 10621.+ 2625. 
- 277. - 1756. 
6142.+ 136. 15441.+ 1825. 
- 130. - 1476. 
6338.+ 212. 
- 199. 
15909.+ 2880. 
- 2114. 
LOCATION 
NUMBER 
W2T N 
(S-Int.) 
W4T N 
(N-Int.) 
W4T S 
W6T E 
(E-Int.) 
W6T W 
W8T N 
W8T S 
(S-Int.) 
W9T N 
W9T S 
(N-Int.) 
WIOT N 
(N-Int.-300') 
WIOT S 
WIIT E 
(W-Int.) 
ELEVATION 
1055 
1070 
1070 
1040 
1040 
1035 
1035 
1036 
1036 
1070 
1070 
1080 
BEDROCK 
SUBDATUM 
850+22 
-23 
846+27 
-28  
853+28 
-29 
820+15 
-17 
811+26 
-28 
834+21 
- 2 2  
821+13 
-16 
829+26 
-29 
759+22 
-25 
896+11 
-16 
710+70 
-79 
811+12 
-12 
SAND & TILL 
VELOCITY 
5133.+ 228. 
- 210, 
5720.+ 219. 
- 204. 
5810.+ 251. 
- 231. 
5772.+ 238. 
- 219. 
FIRST BEDROCK 
VELOCITY 
13738.+ 1997. 
- 1547. 
13816.+ 2550. 
- 1863. 
13662.+ 2315. 
- 1730. 
11290.+ 768. 
- 676. 
5700.+ 190. 
- 179. 
5485.+ 171. 
- 161. 
6074.+ 470. 
- 407. 
5315.+ 367. 
- 323. 
5614.+ 475. 
406. 
9906.+ 2152. 
- 1501. 
6156.+ 284. 
- 259. 
5690.+ 115. 
- 110. 
13267.+ 2057. 
- 1570. 
14700.+ 2085. 
- 1624. 
15061.+ 985. 
- 870. 
15155.+ 2854. 
- 2073. 
17927.+ 2715. 
- 2084. 
15264.+ 1335. 
- 1136. 
30882.+30882. 
-13018. 
14789.+ 1002. 
- 883. 
LOCATION 
NUMBER 
WllT W 
ELEVATION 
1080 
BEDROCK 
SUBDATUM 
799+29 
E4U W 
E5U E 
E5U W 
(E-Int.) 
E450U E 
(W % mi. pt.) 
E450U W 
E3U E 
(W-Int.) 
E3U W 
W3U E 
(E-Int.) 
W3U W 
W4U W 
1/2 
(W-Int.) 
1060 
1040 
1040 
1050 
1050 
1075 
1075 
1080 
1080 
1110 
896+ 7 
- 8 
912+128 
-128 
923+ 8 
-12 
896+10 
-14 
912+14 
-16 
918+10 
-12 
851+14 
-16 
881+ 8 
-10 
896+ 9 
-10 
845+14 
-15 
SAND & TILL 
VELOCITY 
5727.+ 86. 
83. 
5738.+ 294. 
-  266.  
7500.+26771. 
- 3289. 
6325.+ 1284. 
- 913. 
5966.+ 983. 
- 740. 
5303.+ 354. 
- 312. 
5276.+ 581. 
- 476. 
6140.+ 370. 
- 329. 
6774.+ 652. 
- 547. 
6015.+ 188. 
- 178. 
6278.+ 221. 
- 207. 
FIRST BEDROCK 
VELOCITY 
15909. + 3479. 
- 2420. 
15260. .+ 518. 
485. 
15836. ,+ 715. 
655. 
14516. , +  425. 
402. 
15260, .+ 658. 
606. 
14253, .+ 1287. 
1089. 
13569 . +  607. 
549. 
15000 .+ 1109. 
- 966. 
13816 .+  347. 
330. 
13425 .+  608. 
558. 
16502 .+  627. 
582. 
LOCATION 
NUïffiER ELEVATION 
BEDROCK 
SUBDATUM 
W5U E 
W5U W 
(1/2) 
(E-Int.-400') 
W7U E 
(E-Int.) 
W7U W 
W8U N 
(N-Int.) 
WBU S 
W9U E 
(W-Int.) 
W9U W 
W12U E 
W12U W 
(E-Int.) 
WIV E 
710+52 
-55 
723+29 
-30 
832+13 
-16 
837+16 
-18 
884+21 
-24 
884+23 
-25 
810+14 
-14 
824+33 
-35 
800+74 
— 80 
808+37 
-38 
849+27 
-32 
1110 
1110 
1050 
1050 
1110 
1110 
1090 
1090 
1110 
1110 
1110 
SAND & TILL 
VELOCITY 
FIRST BEDROCK 
VELOCITY 
5845.+ 
5795.+ 
6759.+ 
5880.+ 
6323.+ 
6632.+ 
6087.+ 
6291.+ 
5655.+ 
5633.+ 
5542.+ 
93. 19091.+ 9463. 
90. - 47'52. 
150. 16307.+ 1688. 
142. - 1399. 
751. 18282.+ 1115. 
615. - 993. 
338. 18375.+ 2059. 
303. - 1682. 
383. 15841.+ 1988. 
342. - 1590. 
445. 19091.+ 2811. 
393. - 2172. 
119. 18750.+ 1720. 
114. - 1454. 
349. 17213.+ 3976. 
314. - 2720. 
180. 16935.+16236. 
169. - 5565. 
245. 15672.+ 4141. 
226. - 2710. 
657. 16705.+ 2762. 
530. - 2076. 
LOCATION 
NUMBER 
WIV W 
(E-Int.) 
W2V E 
(W-Int.) 
W2V W 
W3V E 
ELEVATION 
1110 
1110 
1110 
1130 
BEDROCK 
SUBDATUM 
948+12 
-12 
894+19 
-22 
937+23 
-25 
938+13 
W3V W 
(W-Int.-500') 
W5V E 
(E-Int.-400') 
W5V W 
W8V N 
WlOV N 
WlOV S 
W4W N 
(N-Int.) 
1130 
1125 
1125 
1130 
1115 
1115 
1130 
933+ 9 
- 9 
896+14 
-15 
906+18 
-21 
942+26 
-30 
872+34 
-35 
877+21 
-23 
898+12 
-13 
SAND & TILL FIRST BEDROCK 
VELOCITY VELOCITY 
5024.+ 111. 12132.+ 838. 
- 106. - 736. 
5671.+ 250. 17904.+ 2862. 
- 229. - 2169. 
4976.+ 409. 16517.+ 3121. 
- 351. - 2265. 
5594.+ 164. 13184.+ 954. 
- 156. - 834. 
5824.+ 284. 14848.+ 614. 
- 259. - 566. 
5776.+ 295. 15572.+ 1217. 
- 267. - 1052. 
5558.+ 263. 13816.+ 1500. 
- 241. - 1233. 
5547.+ 338. 12250.+ 2732. 
- 301. - 1889. 
5297.+ 103. 12805.+ 2897. 
- 99. - 1994. 
5203.+ 132. 14135.+ 2105. 
- 125. - 1623. 
6012.+ 420. 15705.+ 839. 
- 368. - 758. 
LOCATION BEDROCK 
NUMBER ELEVATION SUBDATUM 
W4W S 1130 968+14 
(N-Int.) -16 
W8W E 1130 903+18 
-19 
W8W W 1130 930+16 
(W-Int.) -16 
WlOW E 1130 910+23 
-25 
WlOW W 1130 905+17 
(E-Int.) -18 
W9X E 1130 891+12 
1/2 -14 
W9X W 1130 873+11 
(1/2) -12 
(W-Int.) 
W6Y E 1135 950+19 
-22 
W6Y W 1135 924+13 
(W-Int.) -16 
WlOY E 1130 929+18 
(W-Int.) -20 
WlOY W 1130 942+23 
-25 
SAND & TILL FIRST BEDROCK 
VELOCITY VELOCITY 
5979.+ 635. 11713.+ 701. 
- 524. - 625. 
5822.+ 252. 14939.+ 1562. 
- 233. - 1292. 
5654.+ 174. 12209.+ 1001. 
- 164. - 859. 
5579.+ 265. 13125.+ 1727. 
- 242. - 1368. 
5475.+ 165. 13267.+ 1271. 
- 156. - 1066. 
5731.+ 285. 15770.+ 503. 
- 259. - 473. 
5984.+ 527. 15969.+ 311. 
- 449. - 300. 
5477.+ 565. 13243.+ 1311. 
- 568. - 1094. 
5880.+ 610. 14526.+ 842. 
- 505. - 755. 
5579.+ 491. 
- 418. 
5295.+ 211. 
- 194. 
12374.+ 1043. 
- 893. 
11951.+ 1639. 
- 1286. 
LOCATION 
NUMBER ELEVATION 
BEDROCK 
SUBDATUM 
W4Z E 
(W-Int.) 
W7Z E 
W7Z W 
(W-Int.) 
W9Z E 
W9Z W 
(W-Int.-500') 
WIOZ E 
(E-Int.) 
WIOZ W 
W1075Z N 
W1075Z S 
(S. Corner) 
W8I0AA E 
W810AA W 
(W. Corner) 
W9AA E 
976+11 
-11 
920+21 
-25 
937+18 
-20 
924+ 9 
-11 
931+ 8 
- 8 
894+17 
-17 
916+24 
-26 
916+21 
-24 
937+13 
-15 
931+ 8 
- 9 
941+ 7 
- 7 
872+15 
-18 
1137 
1145 
1145 
1130 
1130 
1130 
1130 
1110 
1110 
1130 
1130 
1110 
SAND & TILL FIRST BEDROCK 
VELOCITY VELOCITY 
5206.+ 156. 12895.+ 801. 
- 148. - 713. 
5600.+ 584. 15441.+ 1848. 
- 484. - 1491. 
5420.+ 292. 13868.+ 1450. 
- 263. - 1199. 
5687.+ 378. 13078.+ 527. 
- 334. - 487. 
5118.+ 94. 13548.+ 620. 
- 102. - 568. 
5345.+ 150. 14244.+ 1444. 
- 141. - 1200. 
5250.+ 477. 13172.+ 1752. 
- 404. - 1384. 
5326.+ 666. 12672.+ 1273. 
- 533. - 1059. 
5738.+ 279. 13243.+ 963. 
- 255. - 841. 
5404.+ 296. 14483.+ 493. 
- 266. - 462. 
5461.+ 244. 13611.+ 369. 
- 224. - 350. 
5988.+ 656. 18846.+ 1400. 
- 538. - 1219. 
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Seismic Profile 
LOCATION 
NUMBER 
W9AA W 
(E. corner-
200') 
WIOS GO N 
W10S25 GO N 
W10S25 GO S 
W10S50 GO N 
W10S50 GO S 
W10S75 GO N 
W10S75 GO S 
W10S87 GO N 
ELEVATION 
1110 
1083 
1080 
1080 
1070 
1070 
1050 
1050 
1065 
BEDROCK 
SUBDATUM 
933+11 
-12 
854+27 
-28 
859+50 
-52 
889+35 
-37 
838+20 
-22 
865+26 
-27 
764+43 
-44 
844+29 
-34 
798+20 
-22  
SAND & TILL 
VELOCITY 
FIRST BEDROCK 
VELOCITY 
5000.+ 290. 14507.+ 946. 
-  260. -  838. 
5791.+ 227. 11667.+ 1545. 
- 210. - 1221. 
6004.+ 309. 11413.+ 3050. 
-  280. -  1988. 
5506.+ 287. 10440.+ 1808. 
-  260. -  1343. 
5654.+ 341. 13816.+ 1500. 
-  305. -  1232. 
5810.+ 260. 11484.+ 1465. 
-  239. -  1167. 
5888.+ 123. 17500.+ 7023. 
-  118. -  3896. 
5357.+ 561. 12511.+ 2010. 
-  464. -  1521. 
5996.+ 410. 14778.+ 750. 
-  361. -  681. 
LOCATION 
NUMBER 
WIOT GO N 
WIOT GO S 
W10T13 GO S 
W10T25 GO S 
W10T50 GO S 
W10T75 GO S 
WIOU GO S 
ELEVATION 
1075 
1075 
1075 
1075 
1060 
1080 
1110 
BEDROCK 
SUBDATUM 
862+28 
-31 
853+32 
-37 
810+12 
-14 
824+36 
-37 
812+19 
-21 
854+13 
-14 
959+31 
-39 
SAND & TILL 
VELOCITY 
FIRST BEDROCK 
VELOCITY 
5495.+ 380. 
-  333. 
12089.+ 1883. 
-  1436. 
5833.+ 512. 
-  436. 
13973.+ 2833. 
- 2016. 
5880.+ 377. 
-  334. 
14827.+ 504. 
-  472. 
5611.+ 134. 
- 128. 
15186.+ 4365. 
-  2772. 
5355.+ 200. 
- 186. 
17754.+ 2697. 
-  2069. 
5506.+ 318. 
-  285. 
14759.+ 994. 
-  876. 
5250.+ 752, 
-  584. 
10450.+ 1681. 
-  1272. 
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Other Seismic Data 
BEDROCK BEDROCK 
LOCATION SUBDATUM LOCATION SUBDATUM 
E580E65 835 E350I 842 
E610E65 825 E375I 850 
E630E65 796 E4I 832-851 
E580E90 830 E425I 838 
E610E90 836 E450I 863 
E630E90 840 E475I 793 
E580F10 766 E550I 910 
E580F35 790 E575I 877 
E2H 911 E710I 944 
E2H25 903 E730I 953 
E3H25 755 E760I 987 
E150H50 872 E8I 978 
E175H50 868 E825I 999 
E610H50 914 E850I 992 
E640H50 920 E875I 949 
E660H50 939 E9I 926 
E7H50 967 E925I 864 
E3H75 907 E975I 943 
E450H75 825 ElOI 975 
E460H75 801 E4I25 849 
E550H75 915 E575I25 849 
Wll 925 E5I30 809 
W125I 857 E3I40 892 
295 
LOCATION 
BEDROCK 
SUBDATUM LOCATION 
BEDROCK 
SUBDATUM 
E4I50 831 E850J 1003 
E5I50 855 E875J 997 
E575I50 805 E9J 998 
E3I60 870 E925J 974 
E4I60 831 E950J 971 
E575I75 808 E975J 936 
E4I80 837 ElOj 876 
WIJ 846 E1025J 844 
E225J 761 E4J25 868 
E350J 910 E675J25 828 
E375J 849 E3J50 800 
E4J 905 E4J50 879 
E425J 916 E6J50 945 
E450J 821 E625J50 925 
E475J 925 E675J50 816 
E5J 918 E4J75 823 
E525J 922 E10J75 981 
E550J 919 E450K 858 
E575J 861 E490K 873 
E650J 805 E510K 895 
E670J 834 E550K 875 
E675J 868 E580K 890 
E8J 1007 E610K 900 
E825J 1009 E630K 952 
296 
LOCATION 
E660K 
E680K 
E825K 
E875K 
E925K 
E975K 
ElOK 
E1030K 
E1050K 
EIIK 
E1150K 
E12K 
E620L 
E640L 
E660L 
E680L 
E720L 
E740L 
E775L 
E9L 
E950L 
EIOL 
E625M 
E675M 
BEDROCK 
SUBDATUM 
912 
847 
990 
992 
983 
965 
992 
989 
931 
896 
896 
902 
946 
940 
970 
906-987 
896 
820 
861 
948 
1004 
1011 
851 
833 
LOCATION 
E7M 
E740M 
E760M 
E780M 
E825M 
E875M 
E925M 
E950M 
ElOM 
E1050M 
EllM 
E1125M 
E1175M 
E1225M 
E1275M 
E13M 
E1350M 
E1380M 
E14M 
E8M75 
E825M75 
E850M75 
E860M75 
E875M75 
BEDROCK 
SUBDATUM 
836 
858 
861 
876 
942 
969 
985 
980 
1002 
1035 
1024 
1032 
1043 
1044 
1043 
1029 
979 
974 
985 
873 
890 
903 
912 
955 
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LOCATION 
E9M75 
E925M75 
E950M75 
E975M75 
E10M75 
ElON 
E1025N 
E1050N 
BEDROCK 
SUBDATUM 
967 
981 
977 
992 
996 
944 
1002 
1005 
LOCATION 
EllN 
E1150N 
E12N 
E1225N 
E1275N 
E13N 
E1350N 
E14N 
BEDROCK 
SUBDATUM 
1022 
1026 
1042 
1031 
1061 
1040 
1033 
1038 
298 
APPENDIX I; WATER ANALYSIS 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 1  
51 FE CA MG NA K CO HCO SULIA) SUL(S) 
PPH|32.0|1.60I 86-1 31.7| 35.01 8.OOl0.0|252.51 9.0} '  
EPMI4.5710.061 4.311 2.611 1.521 0.2Cl0.0| 4.141 0.191 I 
TOTAL CATION TOTAL ANIGN+3ULFATE(A) TOTAL ANI0N+SULFATE{8) 
EPM 13.27 4.42 4.23 
* * * * * * *  
CL F NIT PHQS 
2.00|0.46| 10.384 
0.0610.021 10.012 
TOTAL EPM SULFATE(B) 
17.50 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 232.4 348- 348. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
332. 7.4 53.2 
* * * * 
SI FE 
PPM|16.0|6.60l 
ÊPK.I 2.291 0.241 
TOTAL CATION 
EPM 11.40 
* * * SAMPLE NUMBER 1-3 ******* 
CA MG NA K CO HCO SUL(A) SUL(8) CL F NIT PHOS 
74.1 38.41 39.0112.0010.01245.21 22.0| |  2.50|1.32l 10.502 
3.711 3.161 1.701 0.3110.01 4.021 0.46| |  0.07l0.07l 10.016 
TOTAL ANIUN+SULFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATECB) 
4.63 4.17 15.57 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 233.8 346. 346. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
334. 7.5 50.0 
* * * * * * *  SAMPLE NUMBER 1-4 * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPM|29.0|2.60l 130.1 44.2) 11.01 3.4010.01209.6 I 130.01 240.2132.5010.501 1.196|0.030 
EPM|4.14*0.091 6.471 3.631 0.48| 0.0910.0| 3-44| 2-71| 5.00| 0.92l0.03l 0.0210.001 
TOTAL CATION TOTAL ANION+SULFATE(A> TOTAL ANION+SULFATE(B) TOTAL EPM SULFATECB» 
EPM 14-90 7.11 9.40 24.30 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 252.0 508- 344. 164. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
360. 7.3 50.0 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 5  * * * * * * *  
SI FE CA MG NA K CO HCti SUL(A) SULCB) CL F NIT PHOS 
PPMI24.015.001 76.1 28.6| 36.01 8.25|O.Ol231.81 18.0| 38.41 2.0010.30| 1.506|0.310 
EPM13.4310.181 3.791 2.351 1.571 0.2110.01 3.801 0.371 0.801 0.06l0.02l 0.0210.010 
TOTAL CATION TOTAL ANION+SULFATE{A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 11.53 4.28 4.70 16.23 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 188.3 304. 304. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
269. • 7.5 53.7 
* * * * 
SI FE 
PPMl21.0ll.30l 
EPMlB.001 0.051 
TOTAL CATION 
EPM 11.34 
* * * SAMPLE NUMBER 1-6 ******* 
CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
67.1 27.81 56.51 7.50l0.0l248.9| 13.0| 232.9| 1.60|0.82l 2.65710.360 
3.351 2.291 2.461 G.1910.01 4.081 0.271 4.851 0.05|0.04| 0.04| 0.011 
TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(8> TOTAL EPM SULFATE(B) 
4.49 9.07 20.41 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 169.4 284. 284. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
242- 7.6 54.0 
* * * * * * *  S A M P L E  N U M B E R  1 - 8  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SULIB) CL F NIT PHOS 
PPMl 9.012.301 162.1 73.41 78.0130.501O.Ol159.81 560.01 230.51 9.9511.441 1.15110.190 
EPMll.2910.101 8.10 1 6.041 3.391 0.7810.0| 2.621 11.661 4.801 0.2810.081 0.02|0.006 
TOTAL CATION TOTAL ANICN+SULFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 19.70 14.66 7.80 27.50 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 399.0 712. 262. 450. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
570. 7.4 53.4 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 9  * * * * * * *  
SI FE CA MG NA K CO HCG SUL(A) SUL(B) CL F Nil PHOS 
PPM|28.0)1.451 88.I 30.2) 10.0) 6.00)0.0)184.2) 49.0) )12.25)0.46) 1.151)0.070 
ÉPMj4.00)0.05) 4.39) 2.49) 0.43) 0.15)0.0) 3.02) 1.02) ) 0.35)0.02) 0.02)0.002 
TOTAL CATION TOTAL ANION+SULFATE{A) TOTAL ANIQN+SULFATt(B) TOTAL EPM SULFATECB) 
EPM 11.52 4.43 3.41 14.93 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 182.0 346. 302. 44. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
260. 7.4 55.9 
* * * * * * *  S A M P L E  N U M B E R  1 - 1 2 S H  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SULIB) CL F NIT PHOS 
PPM|27.0)0.70) 104.1 34.6) 10.0) 3.00)0.0)147.6) 103.0) 350.6) 9.50)0.40) 8.636)0.003 
EPM)3.86)0.03) 5.19) 2.84) 0.43) 0.08)0.0) 2.42) 2.14) 7.30) 0.27)0.02) 0.14)0.000 
TOTAL CATION TOTAL ANION+SULFATE{A) TOTAL ANION+SULFATE(3) TOTAL EPM SULFATE(3) 
EPM 12.43 4.99 10.15 22.57 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 194.6 404. 242. 162. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
278. 7.2 7.5 50.8 
* * * * * * *  S A M P L E  N U M B E R  1 - 1 2 D P  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPM) 6.0)2.00) 218.)116.8)109.0)36.00)0.0)108.6) 800.0) 190.2)16.00)1.75) 0.664)0.002 
EPM)0.86)0.07)10.88) 9.77) 4.74) 0.92)0.0) 1.78) 16.66) 3.96) 0.45)0.09) 0.01)0.000 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 27.24 18.99 6.29 33.53 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 476.0 **** 178. 862. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
680. 7.6 7.5 51.6 
«AThK ANALYSIS 
*  ^  *  4:  X:  SAMPLL NUMBEK 1-13 * * * * * **  
SI rb CA MG NA K Cu HCG SUL(A)  SUL(û )  CL F MT PHGS 
PPMl lO.5 | i .e? |  103-1 42.51 ^7.û1 i1 ,00 |0 .Gj245.21 IZU .Gl 116 .01 3 .7510.801 1 .37310.580 
fcPMl 1 .3U1 J.071 S.lJl 3.491 2.041 O.ZGlO.O) 4.021 k.bO| 2.4Z| 0 .11)0.041 0.021 0.01b 
TOTAL CALIGIV TOTAL AN IUN+SULFATd( A ) TùTAL ANI  ON+SULFATh ( B ) TOTAL LP M SULFATL(B)  
EPM 12.32 6.71 ^ 6.62 19.14 
TOTAL DfSSOLvdu SULIUS TOTAL HAKONcSS CARBONATE HARDNESS NUN-CARBONATE HARDNESS 
PPM 232.0 434. 402. 32. 
SPECIFIC CONÛOCTANCt FIULU PH LAB PH FIELD TEMP 
360. 7.0 Y,8 54.4 
* * * * * * *  S A M P L h  N U M B E R  1 - 1 4  * * * * * * *  
SI 1-E CA M G  NA K CO HCG SOL( Aj SOL(B) CL F NIT PHCJS 
PPMl19.01j.UU) 105.1 ZZ.ll 30.01 2.601O.Ul235.5j IbO.Ol 6.71 7.0010.5ù| 0.70910.510 
LPMl2.71iO.ici 3.231 l.%2| 1.30| 0.07)0.Ol 3.da| 3.12 1 0.141 0.20|0.03l O.OilO.Clb 
TOTAL CATIUN TOTAL ANIUN+SULPATEC A) TOTAL AN Iu. 'i+SULF ATi£ ( d) TOTAL EPM SULHATE( d )  
EPM 11.31 7.23 4.25 15.56 
TOTAL DlSSuLV&O SQLIOS TOTAL HARiJNHSS CAKBGXAT6 HAXONESS NUN-CARBONATE HARDNESS 
PPM 193., '  354. 354. 0. 
SPiiCIFIC CONDUCTANCE FIELG PH LAÛ Ph FIELD TEMP 
277. 7.5 7.4 53.4 
^ 4= * 4= * SAKPLcNUiMtinH v # * ^ ^ # * 
51 FE CA liG NA K LU HC l S u L l A )  SUKfi) CL F fvIT PHOS 
PPMl 2.7)2.du) i9.1 38.4) 54.0) 8.30)0.0)239.11 6b.0) 216.01 1.5012.00| 1.15110.320 
EPM10.3910.10) 4.95) 3.io) 2.35) 0.23|0.0l 4./4| 1.42) 4.50) 0.04)0.111 0.0210.026 
TOTAL CATION TOTAL AN IGN+SOLF AT c l A ) TOTAL ArU JN+30LF A TE {ti) TOTAL fcpf'i SOLFATt(B) 
EPM 11. 17 6 .35 y.43 20.60 
TOTAL ûISSOLVtO SOL iOS TOTAL HARDNESS CARBONATE HARDNESS NGN-CAKaONATL HARONESS 
PPM 21il.3 408. 40d. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PF FIELD TEMP 
359. 7.9 7.9 59.3 
WATcR ANALYSIS 
* * * * * * *  S  A M P L I :  N U M B E R  i - l v  * * * * * * *  
SI FE CA KG NA K CO HCU SUL(A) SUL(b) CL F NI 1 PHI. S 
PPMl 17.01 1.051 77. 1 32.21 78. G |14. 2 C10-0 |  235. 5 I 100.0 |  341.0) ' t .lOll.lBl |  O.UfjO 
tPMlZ,4310.041 3.ri3l Z.64| 3.3^| 0.3ô|û.0| 3.861 2.0a| 17.51| 0.12|0.06l 10.003 
TOTAL CATIUA TOTAL AiMI CK+SULF ATb ( A) TOTAL ANIUN+SULhAT c ( B ) TOTAL tPH SULFATEIB) 
EPF. 12.70 6.12 21.55 34.25 
TOTAL DISSULVhD SCLiCS TOTAL HARDNESS CARBONATc HARDNESS NUN-CARBONATE HARONLSS 
PPM 240. 1 326. 326. 0. 
SPECIFIC CONDUCTANCE FIELD PH LA6 PH FIcLÛ THMP 
343. 7.7 50.0 
* * * * * *  *  S A M P L E  N U M B E R  1 - 2 1  * * * * * * *  
SI FE CA KG NA K CO HCu SUL(A) SUL(b) CL F Nil PHOS 
PPMl24.016.001 96.1 23.01 42.01 6.5Cj0.01262.3 I 19.U| 912.u| 2.50|0.42| 0.797(0.330 
tPM|3.4310.211 4.791 i.a^l 1.831 0.17|0.0| 4.301 0.40| 19.001 0.07|u.02| 0.01|0.010 
TOTAL CATION TOTAL ANiLH+SULfATE(A) TOTAL AHlUN+SULFATL(0) TOTAL fcPN SULFATc(B) 
HPM 12.32 4.di 23.42 35.74 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATL hARDNtSS NJN-CARBONATE HAAUNCSS 
PPM 209.3 336. 336. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FItLu TcMP 
2 9 .  7.3 5 D • 2 
* * * * * * *  S A M p L c  N U M B E R  1 - 2 2  * * * * * * *  
SI f£ CA MG N A  K Cu HCu SUL ( A )  SUL{o) CL F NIT PHUS 
PPMl18.013.701 63.1 23.51 80.01 4.5C)0.0|262.3l 10.01 364.0| 1.50)U.851 1.94910.420 
EPMI2.571 0.131 3.151 l. 'J3) 3.46| 0.12l0.0l 4.301 0.211 7.991 0.0410.04) 0.03 I 0.013 
TOTAL CATION TOTAL ANILN+SULFATc(A) TuTAL ANIuN+SOLFATE {b )  TOTAL LP M SULFATh ( i i )  
iiPM 11.39 4.64 12.43 23.81 
TOTAL DISSULVLD SCLILS TOTAL HAKCMtSS LARBGKATk KAAONbSS dUN-CARBUNATE HAKU imLSS 
PPM 211.4 256. 25c). 0. 
SPECIFIC CukUUCTANCc FILLU PH LAb PH FIELD TLKP 
302. 7.8 60.0 
WATtR ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 2 4  * * * * * * *  
SI F E  C A  MG NA K CO HCO SUL(A) SUL(û» CL F NIT PHOS 
PPMl14.0)1.651 116.1 48.01 93.2|13.0010.01181.8j 300.0| 24.0| 7.50|0.60| 2.170|0.150 
EPM|2.0010.061 5.791 3.95| 4.05| 0.3310.01 2.98 1 6.25| 0.50| 0.2l|0.03l 0.0410.005 
TOTAL CATION TOTAL ANIDN+SULFATECAJ TOTAL ANIGN+SULFATE(8) TOTAL EPM SULFATE(8) 
EPM 16. 18 9.51 3.76 19.94 
TOTAL DISSOLVED SOLIDS TOTAL HAKDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 315.0 490. 298. 192. 
SPECIFIC CCNOUCTAKCE FIELD PH LAB PH FIELD TEMP 
450. 7.6 7.6 55.1 
* * * * * * *  S A M P L E  N U M B E R  1 - 2 5  * * * * * * *  
SI FE CA MG N A  K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPMl17.013.501 78.I 29.3| 39.0| 9.0010.0 1228.71 28.01 14.41 1.5010.75115.50010.080 
EPMl2.4310.131 3.871 2.411 1.70| 0.23|0.0| 3.751 0.581 0.301 0.04|0.04l 0.2510.003 
TOTAL CATION TOTAL ANIÛN+SULFATE(Ai TOTAL ANI0N+SULFATE(6) TOTAL EPM SULFATE(B) 
EPM 10.76 4.67 4.38 15.14 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 139.0 316. 316. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
270. 7.6 7.7 51.5 
* * * * * * *  S A M P L E  N U M B E R  1 - 2 6  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL( 8 )  CL F NIT PHOS 
PPMl 3.613.501 126.1 43.4| 57.0|14.7510.01231.8| 250.01 56.21 2.50*0.701 0.57610.080 
EPMlO.5110.131 6.311 3.571 2.48} C.38l0.0l 3-80| 5.201 1.171 0.0710.041 0.0110.003 
TOTAL CATION TOTAL ANION+SULFATttA) TOTAL ANION+SOLFATEtB) TOTAL EPM SULFATECB) 
EPM 13.38 9.12 5.09 18.46 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 285.6 497. 380. 117. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
408. 7.4 7.5 51.6 
WATER ANALYSIS 
* * iP * * * * SAMPLE NUMBER 1-27 
SI FE CA MG NA K CU HCC 5UL(A) SUL(B) 
PPMI10.012.301 109.I 38.61 69.7113.7010.01242.8 I 202.0| 62.9| 
EPMll.43l0.0al 5.451 3.181 3.031 0.35|0.0l 3.98| 4.211 1.31} 
TOTAL CATION TOTAL ANION+SULFATEtA) TOTAL AHION+SULFATE{B) 
EPM 13.52 8.36 5.47 
* * * * * * *  
CL F NIT PHOS 
2.0011.151 3.7201 0.0 
0.0610.061 0.061 0.0 
TOTAL EPM SULFATE(B) 
18.99 
TOTAL DISSOLVED SOLIDS TOTAL HARCNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 249.9 434. 398. 36. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
357. 7.5 7.6 49.9 
* * * * * * *  SAMPLE NUMBER 1-28 
SI F t  CA MG NA K CO HCO SUL(A) SUL(Bl 
PPMl32.012.201 98.1 29.81 12.6| 8.00|0.01202.51 47.01 178.41 
tPMl4.5710.081 4.911 2.451 0.55| 0.20|0.0| 3.321 0.981 3.71| 
TOTAL CATION 
EPM 12.76 
TOTAL ANION+SULFATEtA) 
4.58 
TOTAL ANION+SULFATEt&i 
7.32 
* * * * * * *  
CL F NIT PHCS 
7.5010.49 1 2.34710.370 
0.2110.031 0.0410.012 
TOTAL EPM SULFATE(B) 
20.08 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 179.2 370. 332. 38. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
250. 7.3 7.4 51.4 
* * * * * * *  S A M P L E  N U M B E R  1 - 2 9  D P  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) 
PPMl33.013.301 94.1 27.4| 44.01 6.0010.01268.4| 12.01 148.81 
EPMl 4.711 0. 121 4.711 2.251 1. 911 G.15|û.ûl 4.401 0.251 3.101 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANIDN+SULFATEtB) 
EPM 13.36 4.78 7.63 
* * * * * * *  
CL F NIT PHOS 
1.0010.641 0.17712.040 
0.0310.03 I 0.0010.064 
TOTAL EPM SULFATE(B) 
21.49 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 194.6 350. 350. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
278. 7.1 7.4 50.7 
WATEK ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 3 0  
SI Fc CA MG NA K CO HCO SUL(A) SUL(3) 
PPM127.014.801 122. 1  3 5 . 5 1  5 5 . 5 1 1 1 . 0 C | 0 . 0 1  2 3 1 . 8 |  1 7 0 . 0 1  I  
EPM13.8610.171 6.071 2.921 2.4X1 0.28|0.0| 3.aC| 3.541 |  
TOTAL CATION TOTAL ANION+SULFATE( A) TOTAL AMGN+SULFATE ( B) 
EPM 15.71 7.47 3.93 
* * * : 
CL F 
2.0010.621 
0.0610.031 
TOTAL EPM 
p * * * 
NIT PHÛS 
2.55110.080 
0. 0410.003 
SULFATE(B) 
19.65 
TOTAL DISSOLVED SOLIDS TOTAL HARONESS CARBONATE HARDNESS NUN-CARBONATE HARDNESS 
PPM 244.3 452. 380. 72. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
349. 7.0 7.6 51.3 
* * * 4 
SI Fc 
PPMI18.015.401 
EPMI2.5710.191 
TOTAL CATI UN 
EPM 13.21 
» * * SAMPLE NUMBER 1-31 
CA MG NA K CO HCO SUL(A) SULIBI 
90.1 37.91 58.Bill.0010.01231.a| 120.0| 51.5| 
4.511 3.121 2.541 0.28|0.0| 3.80| 2.501 1.071 
TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(B) 
6.39 4.96 
* * * s« 
CL F 
1.5010.611 
0.0410.031 
TOTAL EPM 
* * * 
NIT PHOS 
0.78410.190 
0. 0110.006 
SULFATE(3) 
18.18 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 228.2 364. 364. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
326. 7.7 7.6 49.8 
* * * * * * *  S A M P L E  N U M â b R  i - 3 2  *  *  *  *  
SI FE CA MG NA K CO HCO SUL(A) SULCBJ CL F 
PPM130.011.901 106.1 23.01 14.8| 9.70|0.0l206.2| 49.01 52.61 4.50|0.55l 
EPM|4.2910.071 5.31| l .89| 0.641 0.25|0.0l 3.381 1.02| l.lOl 0.13|0.03| 
TOTAL CATION 
EPM 12.45 
TOTAL DISSOLVED 
PPM 189.7 
TOTAL ANION+SULFATttA) 
4.60 
TOTAL AMON+SULFATE(B) 
4.67 
* * » 
NIT PHOS 
2.5511 0.0 
0.041 O.U 
TOTAL EPK SULFATE!Bl 
17.12 
SOLIDS TOTAL HARDNESS CARâGNATt HARDNESS NON-CARBONATE HARDNESS 
362. 338. 24. 
SPECIFIC CONDUCTANCE FIELD PH LA6 PH FIELD TEMP 
271. 7.3 7.5 49.8 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 3 3 S H  
SI F E  CA MG NA K CO HCÛ SUL(A) SUL{B) 
PPM|32«0|3.30| 91.1 28.8| 5.4| 3.8C|0.0|173-2| 61-01 24.01 
EPM|4.5710.12) 4.551 2.37| 0.231 O.lClO.Oj 2.841 1.271 0.501 
TOTAL CATION TOTAL ANI0N+5ULFATE(A) TOTAL ANION+SULFATEC8Ï 
EPM 11.94 4. 23 3.46 
* * * * * * *  
CL F NIT PHOS 
2.5010.501 0.48710.370 
0.0710.031 0.0110.012 
TOTAL EPM SULFATE(B) 
15.40 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 172.2 348. 284. 64. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
246. 7.1 7.4 50.9 
* * * * 
SI FE 
PPM|34.0l3.60l 
EPM|4.86|0.131 
TOTAL CATION 
EPM 12.72 
* * * SAMPLE NUMBER 1-34 ******* 
CA MG NA K CO HCO SULiA) SUL(B) CL F NIT PHOS 
94.1 25.01 16.81 9.3010.01209.81 27.01 28.0111.OOl0.701 3.335|0.740 
4.711 2.051 0.731 0.24|0.0l 3.44| 0.56| 0.581 0.31|0.04l 0.0510.023 
TOTAL ANI0N+5ULFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(B) 
4.43 4.45 17.16 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 186.2 340. 340. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
266. 7.5 7.5 52.8 
* * * * * * *  SAMPLE NUMBER 1-36 * * * * * * *  
SI Ft CA MG NA K CO HCO SUL(A) SUHB) CL F NIT PHOS 
PPMl55.013.601 102.1 26.41 44.0|10.OCl0.0|311.11 10.0l 51.41 1.50|0.50l 2.15710.740 
EPM17.8610.131 5.071 2.171 1.91] 0.26|0.0l 5.101 0.21) 1.071 0.0410.03) 0.0310.023 
TOTAL CATION TOTAL ANIGN+SULFATECA) TOTAL ANIGN+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 17.40 5.43 6.30 23.69 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 222.6 364. 364. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
313. 7.0 7.1 50.7 
WATER ANALYSIS 
* * * :{ 
S I  F E  
PPMI30.010.321 
EPM14.291 O.Oll 
TOTAL CATION 
EPM 11.82 
: * * * SAMPLE NUMBER 1-39 
CA MG NA K CO HCG SUL(A) SUL(B) 
96.1 29.01 5.41 4.3010.01 193.91 70.0| 28.31 
4.791 2.391 0.231 O.lllO.Ol 3.261 1.46| 0.59| 
TOTAL ANION+SULFAT£{A) TOTAL ANIQN+SULFATE(B) 
4.92 4.05 
* » » 
CL F 
6.0010.421 
0.1710.021 
TOTAL EPM 
* * * 
NIT PHDS 
0.9301 0.0 
0.021 0.0 '  
SULFATE(B) 
15.88 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NCN-CARBCNATE HARDNESS 
PPM 183.4 361. 326. 35. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
262. 7.1 7.1 50.4 
* * * * * * *  SAMPLE NUMBER 1-40 
SI FE 
PPM136.011.251 
EPM|5.1410.041 
TOTAL CATION 
EPM 12.22 
CA MG NA K CO HCO SUL(A) SUL(B) 
86.1 26.91 8.01 6.5010.01219.6l 8.01 24.01 
4.311 2.211 0.351 0.1710.01 3.60l 0.17| 0.501 
TOTAL ANION+SULFATk(A) TOTAL ANlON+SULFAlE(B) 
6.59 6.92 
* * * * * * *  
CL F NIT PHÙS 
2.0010.421******10.550 
0.0610.021 2.7310.017 
TOTAL EPM SULFATE 
19.15 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 171.5 328. 328. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
245. 7.2 7.5 50.3 
* * * * * * *  S A M P L E  N U M B E R  1 - 4 1  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(3) CL F NIT PHOS 
PPMl31.Cl2.OOl 85.1 27.81 17.3U0.40|0.01215.91 16.0| 2.0| 1.5010.64117.67010.370 
EPM14.4310.071 4.23| 2.291 0.771 0.27l0.0| 3.54| 0.33| 0.041 0.04|0.03| 0.29l0.012 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(8) TOTAL EPM SULFATE(B) 
EPM 12.06 4.25 3.95 16.01 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 182.0 328. 328. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
260. 7.4 7.5 52.6 
WATER ANALYSIS 
* * * X 
SI FE 
PPM)30.014.501 
EPMI4.29I 0.161 
TOTAL CATION 
EPM 10.80 
: * * * SAMPLE NUMBER 1-42 
CA MG NA K CO HCO SULfAl SUL(S) 
86. 1  22.31 < 8.0010.01211.11 24.01 1  
4.311 1.841 1  0.2010.01 3.461 0.501 I  
TOTAL ANION+SULFATE(A) TOTAL ANICN+SULFAT£(a) 
4.20 3.70 
* * * * * * *  
CL F NIT PHOS 
1.50 I 0.48110.186 10.330 
0.0410.031 0.1610.010 
TOTAL EPM SULFATE(B) 
14.50 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NUN-CARBONATE HARDNESS 
PPM 90.3 308. 308. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
129. 7.6 8.0 49.7 
* * * * * * *  SAMPLE NUMBER 1-43 
SI FE 
PPM132.011.041 
EPMI4.5710.041 
TOTAL CATION 
EPM 11.08 
CA MG NA K CO HCO SUL(A) SUL(B) 
86.1 22.61 5.31 3.00*0.01170.8| 52.0| 79.3} 
4.311 1.861 0.231 0.0810.01 2.801 1.081 1.651 
TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(B) 
3.97 4.54 
* * * * * * *  
CL F NIT PHOS 
2.0010.481 0.3541 0.0 
0.0610.031 O.Oll 0.0 
TOTAL EP?4 SULFATE(b) 
15.62 
TOTAL DISSOLVED SOLIUS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 161.0 310. 280. 30. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
230. 7.4 7.5 49.5 
* * * X 
SI FE 
PPM|25.0|0.10l 
EPM13.5710.0C1 
TOTAL CATION 
EPM 14.39 
* » $ 
CA 
147.1 
7.351 
TOTAL 
SAMPLE NUMBER 1-44SH 
M G NA K CO HCO SUL(A) 
37.01 7.01 5.0010.01179.31 120.01 
3.041 0.301 0.1310.01 2.941 2.501 
* * * * * * *  
SUL(B) CL F NIT PHOS 
56.2144.0010.42 142.292 12.380 
1.171 1.2410.021 0.6810.075 
ANION+SULFATE(A) 
7.46 
TOTAL ANION+SULFATECB) 
6.13 
TOTAL EPM SULFATE(B) 
20.52 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 287.0 522. 294. 228. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
410. 7.4 7.6 51.1 
WATER ANALYSIS 
* * * X 
Si Ft 
PPMI27.0(3.001 
EPMl3.86lO.ll I 
TOTAL CATION 
EPM 11.76 
: » * * SAMPLE NUMbER 1-44DP 
CA KG NA K CO HCO SUL(A) SUL(B) 
90.1 26.21 23.01 6.70|O.Ol245.21 20.G| 22.H 
4.471 2.151 l.OOl 0.1710.01 4.021 0.421 0.461 
TOTAL ANION+SULFATEtA) TOTAL ANION+SULFATEIB) 
4.73 4.78 
* * * * * * *  
CL F NIT PHOS 
2.50 I 0.41110.186 I 1.360 
0.0710.021 0.1610.043 
TOTAL EPM SULFATE(B) 
16.54 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBUNATE HARDNESS 
PPM 210.0 333. 333. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
300. 7.5 7.6 49.5 
* * * » 
SI FE 
PPMi 9.010.501 
EPMll.29)0.021 
TOTAL CATION 
EPM 13.09 
* * * SAMPLE NUMBER 1-45 ******* 
CA MG NA K CO HCO SUL(A) SUL(S) CL F NIT PHOS 
104.1 43.71 61.8112.3010.01313.51 85.01 252.71 1.50l0.98l 7.5281 0.0 
5.191 3.591 2.691 0.3110.01 5.141 1.771 5.261 0.0410.051 0.121 0.0 
TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATElB) TOTAL EPM SULFATECB) 
7.12 10.62 23.70 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 284.9 442. 442. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
407. 7.4 7.5 49.8 
* * * * * * *  
SI FE CA MG 
PPMl26.0ll.23l 430.1141.61 
EPMl3.7110.04 I 21.44 111.651 
SAMPLE NUMBER 1-46 
NA K CO HCO SUL(A) 
59.01 6.3010.01251.31 800.01 
2.571 0.1610.01 4.121 16-66| 
* * * * * * *  
SUL(B) CL F NIT PHOS 
9.21229.0 I 0.831 223.0 I  U.V 
0.191 0.458 10.041 3.57| 0.0 
TOTAL CATION 
EPM 39.57 
TOTAL ANION+SULFATE(A) 
24.39 
TOTAL ANI0N+SULFATE(8) 
7.93 
lOTAL EPM SULFATE(B) 
47.49 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 938.7 '  I ' r- '  412. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
1341. 6.9 7.2 53.2 
kATER ANALYSIS 
* 4: * * $ » * SAMPLE NUMBER 1-47 ******* 
SI FË CA MG NA K CO HCG SUL(A) SUL(B) CL F NIT PHQS 
PPMl29.012.01) 91.1 20.21 13.5l10.0010.01 222.01 17.0| 591.0| 6.50|0.50| 5.536(0.340 
EPMJ4.1410.07I 4.551 1.66| 0.591 0.26|0.0l 3.641 0.351 12.301 0.18|0.03| O.G9|0.011 
TOTAL CATION TOTAL ANICN+SULFATE(A) TOTAL ANIGN+SULFATEIB) TOTAL EPM SULFATE!B) 
EPM 11.27 4.30 16.25 27.52 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 193.2 312. 312. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
276. 7.4 7.7 48.7 
* * * * * * *  S A M P L E  N U M B E R  1 - 4 8  
SI FE CA MG NA K CD HCQ SULLA) SUL(B) 
PPMI28.015.001 90.1 27.4| 23.01 6.7010.01239.1| 15.0| 947.2| 
EPM|4.0Q|0.18| 4.511 2.251 l.OOl 0.17|0.0| 3.92| 0.311 19.721 
TOTAL CATION TOTAL ANIOiM+SULFATE I A) TOTAL AN10N+SULFATE( B) 
EPM 12.11 4.38 23.79 
* * * * * * *  
CL F NIT PHOS 
1.5010.411 3.54311.020 
0.0410.021 0.0610.032 
TOTAL EPM SULFATE(B) 
35.90 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 203.7 340. 340. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB Ph FIELD TEMP 
291. 7.4 7.5 49.9 
* * * * * * *  S A M P L E  N U M B E R  1 - 4 9  * * * * * * *  
SI FE CA MG NA K CO HCG SUL(A) SUL(B) CL F NIT PHOS 
PPM|30.0| 0.201 134.1 27.31 1.21 3.80|0.0ll72.0| 88.01 159.2| 9.00)0.321 152-0 |  O.U-
EPMl4.29l0.0il 6.711 2.29| 0.G5( O.lOlO.Ol 2.82) 1.831 3.311 0.2510.02| 2.43| 0.0 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 13.44 7.35 8.83 22.27 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CARBONATE HARDNESS 
PPM 251.3 452. 282. 170. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
359. 7.1 7.5 51.9 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 5 0  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHQS 
PPM|17,0l5.50| 65.1 30.71 35.01 6.30 I 0.01225.71 22.01 114.0| 2.00|0.68| 3.54311-020 
EPMl2.43l0.20l 3.231 2.531 1.521 C-16l0,0| 3.701 0.461 2.371 0.06|0.04| 0.06|0.032 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE<8) TOTAL EPM SULFATE(B) 
EPM 10.07 4.34 6.25 16.32 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 207.2 290. 290. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
296. 7.6 7.6 48.3 
* * * * * * *  S A M P L E  N U M B E R  1 - 5 1  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPM128.010.581 46.1 57.6| 6.2l 3.5010.01173.21 57.01 14.31 4.50|1.39| 4.650| 0.0 
EPM14-001O.OZl 2.281 4.74) 0.27) 0.09)0.01 2.841 1.191 0.301 0.13|0.07| 0.081 0.0 
TOTAL CATION TOTAL ANION+SULFATE(A} TOTAL ANIGN+SULFATECB) TOTAL EPM SULFATECS) 
EPM 11.39 4.30 3.41 14.80 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CAKBONATE HARDNESS 
PPM 221.2 354. 284. 70. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
316. 7.4 7.4 48.9 
* * * * * * *  SAMPLE NUMBER 1-52 * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(a) CL F NIT PHOS 
PPMj27.0|0.10l 137.) 35.01 7.71 1.8010.01175.71 90.01 77.ol47.0010.35)77.499)0.340 
EPM)3.86|0.00i 6.83) 2.88) 0.33) 0.05)0.0) 2.88) 1.87) 1.62) 1.33)0.02) 1.25)0.011 
TOTAL CATION TOTAL ANION+SULFATECA) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE!6) 
EPM 13.95 7.36 7.10 21.05 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 281.4 488. 288. 200. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
402. 7.1 7.3 49.9 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  l - b 3  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHQS 
PPMI29.013.201 90.1 22.1 I 10.0| 7.6010.01207.41 6.01 46.01 1.0010.32|12.400| 0.0 
EPMl4.14lO.lll 4.471 1.821 0.431 0.19l0.0| 3.401 0.121 0.961 0.0310.021 0.201 0.0 
TOTAL CATION TOTAL ANION+SULFATEIA) TOTAL ANION+SULFATE(8) TOTAL EPM SULFATE(B) 
EPM 11.17 3.77 4.60 15.78 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 199.5 316. 316. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
285. 7.3 7.4 49.3 
* * * * * * *  S A M P L E  N U M B E R  1 - 5 4  * * * * * * *  
SI FE CA KG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPMI30.011.351 94.1 23.51 3.01 2.5Cl0.01153.71 75.01 45.81 1.00|0.20| 4.4281 0.0 
EPH|4.2910.051 4.711 1.931 0.131 0.0610.01 2.521 1.561 0.951 0.0310.011 0.071 0.0 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(8) TOTAL EPM SULFATE(B) 
EPM 11.17 4.19 3.58 14.76 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 187.6 334. 252. 82. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
268. 7.3 7.4 48.4 
* * * * * * *  S A M P L E  N U M B E R  1 - 5 6  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPMl11.017.601 181.1105.11157.0134.5010.01135.41 810.01 94.21 5.20|1.45125.4641 0.0 
EPMll.5710.271 9.021 8.651 6.831 0.8810.01 2.221 16.861 1.961 0.1510.08| 0.41( 0.0 
TOTAL CATION TOTAL ANION+SULFATE(A> TOTAL ANI0N+SULFATE{8) TOTAL EPM SULFATE(B) 
EPM 27.22 19.72 4.81 32.04 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 593.6 800. 222. 578. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
848. 7.7 7.5 53.7 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 5 7 S H  
SI FE CA MG NA K CO HCC SULIA) SUL(B) 
PPM128.012-001 140.1 34.H 82.0112.50j0.0|279.4| 120.0| 138.3| 
EPMl4.0C|0.07l 6.991 2.80| 3.57J 0.32|0.0| 4.58| 2.501 2.88| 
TOTAL CATION TOTAL ANlON+SULFATttA) TOTAL ANIUN+SULFATE(B) 
EPM 17.75 7.21 7.59 
* * * * * * *  
CL F NIT PHOS 
1.0010.251 4.87110.340 
0.0310.011 0.08)0.011 
TOTAL EPM SULFATE(81 
25.34 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 291.2 492. 458. 34. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
416. 7.0 7.3 48.3 
* * * 
SI FE 
PPMl 8.017.601 
EPMll.1410.27 I 
TOTAL CATION 
EPM 15.64 
* * * * 
CA 
128 .1  
6.391 
TOTAL 
SAMPLE NUMBER 1-57DP 
MG NA K CO HCO SUL(A) SUL(B) 
32.21 102.0129.5Cl0.01195.21 350.01 11.7 I 
2.641 4.441 0.7510.01 3.201 7.29| 0.24| 
ANION+SULFATECA) 
10.79 
TOTAL ANICN+SULFATEtB) 
3. 75 
* * * 
CL F 
5.5011.181 
0.1610.061 
TOTAL EPM 
* * * * 
NIT PHOS 
5.3141 0.0 
0.091 0.0 
SOLFATECB) 
19.38 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 371.0 454. 320. 134. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
530. 7.4 7.3 49.9 
* * * 4 
SI FE 
PPMllO.5|**»*1 
EPKl1.5010.36} 
TOTAL CATION 
EPM 23.59 
* * * 
CA 
169. I 
8.421 
SAMPLE NUMBER 1-58 
MG NA K CO HCO SUL(A) 
82.61136.0123.5010.01147.61 810.01 
6.791 5.921 0.6C10.01 2.421 16.661 
* * * * * * *  
SUL(B) CL F NIT PHOS 
630.7113.0011.54120.5711 0.0 
13.131 0.3710.08} 0.431 0.0 
TOTAL ANION+SULFATE(A) 
20. 16 
TOTAL ANION+SULFATECB) 
16.43 
TOTAL EPM SULPATECBJ 
40-01 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 506.1 766. 242. 524. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
723. 7.8 7.5 51.4 
WATER ANALYSIS 
SAMPLE NUMBER 1-59 ******* 
SI Ft CA MG NA K CO HCC SUL(A) SUL(B) CL F NIT PHGS 
PPM127.012.701 90.1 28.61 16.0| 9.OOl0.01115.3 I 1T.0| 10.2) 1.00|1.47113.7281 0.0 
tPM|3.8610.101 4.491 2.35| 0.701 0.23|0.0l 1.89| 0.351 0.21| 0.03|0.081 0.221 0.0 
TOTAL CATION TOTAL ANIGN+SULFATE(A) TOTAL AMON+SULFATC(B) TOTAL EPM SULFATE13Ï 
EPM 11.72 2.57 2.43 14.15 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 215.6 344. 189. 155. 
SPECIFIC CONDUCTANCE FIELJ Ph LAB PH FIELD TEMP 
308. 6.7 7.6 44.7 
* * * * * * *  SAMPLE NUMBER 1-60 
SI FE 
PPMl10.011.201 
EPMl1.4310.041 
TOTAL CATION 
EPM 3.14 
CA MG NA K CO HCC SUL(A) SUL(8) 
30.1 30.01 33.2110.10| 0.01101.91 5.Ul 49.01 
2.491 2.47 1 1.441 0.2610.01 1.671 O.lOl 1.021 
TOTAL AMION+SULFAÏECA) TOTAL ANION+SULFATElB) 
2.01 2.92 
* * * * * * *  
CL F NIT PHOS 
1.5012.001 5.3141 0.0 
0.0410.11 1 0.091 0.0 
TOTAL EPM SULFATE IB) 
11.06 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 182.7 250. 167. 83. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
261. 7.8 7.9 50.2 
* * * * * * *  SAMPLE NUMBER 1-61 
SI FE 
PPM132.015.401 
EPM14.5710.191 
TOTAL CATION 
EPM 14.67 
* * * * * * *  
CA MG NA K CO HCC SUL(A) SUL(B> 
109.1 33.11 33.2112.OClO.01148.81 30.01 14.31 
5.431 2.721 1.441 0.3110.01 2.44| 0.621 0.30| 
TOTAL ANION+SULFATECA) TOTAL ANICN+SULFATE(B) 
3.30 2.57 
CL F 
1.0011.481 
0.031C.081 
TOTAL EPM 
NIT PHOS 
5.75711.020 
0.0910.032 
SULFATE! B) 
17.64 
TOTAL DISSOLVED SOLIDS 
PPM 260.4 
TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
410. 244. 166. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
372. 7.3 7.5 53.9 
WATER ANALYSIS 
* * * * * XK * SAMPLE NUMBER 1-63 ******* 
SI F£ CA MG NA K CO HCO SUL(AJ SUL(o) CL F NIT PHOS 
PPHl12.0U.50l 153.1 75.6 1200.0127.0010.01 87.21 330.01 31.21 10.0011.471 6.64310.060 
EPMl1.7110.091 7.641 6.221 8.7C| 0.69|0.0l 1.431 6.37] 0.651 0.2810.08 1 0.1l|0.002 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATfc(6) TOTAL EPM SULFATE(B) 
EPM 25.06 8.77 2.55 27.60 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 394.1 698. 143. 555. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
563. 7.5 7.5 48.2 
* * * * * * *  S A M P L E  N U M B E R  1 - 6 4  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL{8) CL F NIT PHOS 
PPM124.015.00I 101.1 30.71 21.3110.0010.01136.01 13.01 56.71 1.5010.451 0.53610.060 
EPMl3.4310.181 5.031 2.531 0.951 0.2610.0* 2.231 0.271 1.22| 0.04|U.02| 0.0110.002 
TOTAL CATION TOTAL ANIGN+SULFAT£(A) TOTAL ANIOH+SULFATÉ(8) TOTAL EPM SULrATt(B) 
EPM 12.37 2.58 3.53 15.90 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 244.3 380. 223. 157. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
349. 7.4 7.5 50.5 
* * * * * * *  S A M P L E  N U M B E R  1 - 6 5  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SULCB) CL F NIT PHOS 
PPM|20.Q|0.9Cl 109.1 29.51 25.6llO.OOlO.O1273.31 5.01 15.9| 1.0010.481 15.38910.020 
EPMl2.86!0.031 5.451 2.431 l .lll  0.26*0.01 4.481 O.lOl 0.331 0.0310.031 0.2510.001 
TOTAL CATION TOTAL ANIQN+SULFATE(AÎ TOTAL ANION+SULFATE!B> TOTAL EPM SULFATE(B) 
EPM 12.14 4.89 5.11 17.25 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CARBONATE HARDNESS 
PPM 256.9 396. 396. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
367. 7.5 7.6 53.5 
WATER ANALYSIS 
* * * * * * *  S A M P L f c  N U M B E R  1 - 6 6  * * * $ * * *  
SI FE CA MG NA K CO HtG SUL(A) SUL(B) CL F NIT PHOS 
PPMl 26.01 0.801 206.1 65.31 7.0| 5.0010.01 108. 61 202.01 19.01103.0 10.801 26.5 (0.120 
EPMI3.7110.03110.301 5.371 0.30| 0.13|0.0l 1,781 4.21| 0.401 2.90510.041 1.8910.004 
TOTAL CATION TOTAL ANIUN+SULF ATE( A) TOTAL ANIG.M+SULFATE{ B) TOTAL EPM SULFATElB) 
EPM 19.84 10.72 6.91 26.75 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 410.2 788. 178. 610. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
566. 7.0 7.2 48.4 
* * * * * * *  
SI FE CA 
SAMPLE NUMBER 1-68 
MG NA K CO HCO SULCA) SULCB) CL 
* * * * * * *  
F NIT PHOS 
PPMl32.013.Ô0I 152.1 51.1| 67.2110.0010.0 I 192.81 160-0| 103.3| 1.00|0.64| 5.536|1.330 
EPMl4.57lQ.13 I 7.561 4.20| 2.921 0.26(0.0* 3.161 3.33| 2.151 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(8) 
EPM 19.65 6.68 5.50 
0.0310.03 1 0.0910.042 
TOTAL EPM SULFATE(8) 
25.15 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 315.0 592. 316. 276. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
450. 7.3 7.5 50.3 
* * * * * * *  S A M P L E  N U M B E R  1 - 6 9 S H  * * * * * * *  
SI FE CA MG NA K CO HCO SULCA) SUL(B) CL r NIT PHOS 
PPMl26.010.301 139.1 39.81 17.3U0.7C10.01 99.4) 130.01 81.3145.0010.70114.835|0.190 
EPM13.7110.Oil 6.931 3.281 0-751 0.2710.Ol 1-631 2.711 1-69| 1.27|0.04| 0.2410.006 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATÊ{8) TOTAL EPM SULFATE(B) 
EPM 14.95 5.89 4.87 19.83 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 126.7 513. 163. 350. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
181. 6.9 7.3 49.9 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  i - 6 9 D P  
SI Ft CA MG NA K CO HCO SUL(Ai SUL(S) 
PPHjl6.012.001 221.1101.81130.0115.0010.0! 82-31 360.01 492.71 
EPM12-29|0.07|11.021 8.371 7.331 0.38l0.0l 1.351 7.501 10.261 
TOTAL CATION TOTAL ANION+SULFATEI A) TOTAL ANION+SULFATE(8) 
EPM 29.96 9.07 11.84 
* * * * 
CL F 
2.soi 1.221 
0.0710.061 
* * * 
NIT PHOS 
5.53610.130 
0.0910.004 
TOTAL EPM SULFATE(B) 
41.79 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 527.1 976. 135. 841. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
753. 7.0 7.6 48.4 
* * * * * * *  S A M P L E  N U M B E R  1 - 7 0 S H  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(AJ SUL(B) CL F NIT PHOS 
PPMl23.0ll.50l 130.1 37.41 20.3113.0010.01230.61 90.01 2.5112.5010.431 6.42110.100 
EPM13.2910.051 6.47) 3.081 0.881 0.3310.Ol 3.781 1.871 0.051 0.35|0.02| 0.10)0.003 
TOTAL CATION TOTAL ANlON+SULFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(S) 
EPM 14.10 6.13 4.3l 13.41 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 228.2 430. 378. 102. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
326. 6.9 7.3 47.5 
* * * * * * *  S A M P L E  N U M B E R  1 - 7 0 D P  * * * * * * *  
SI FE CA MG NA K CO HCC SUL(A) SUL(G) CL F NIT PHOS 
PPM135.015.50) 119.1 32.21 16.3115.0010.01247.71 63.01 18.4110.0010.351 7.75011.150 
EPMlS.OO)0.20i 5.95 1 2.64) 0.711 0.38|0.0| 4.061 1.311 0.381 0.28|0-02l 0.1310.036 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANIÙN+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 14.88 5.83 4.90 19.79 
TOTAL DISSOLVED SULIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 222.6 432. 406. 26. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
318. 7.1 7.3 49.7 
WATER ANALYSIS 
* * 
SI Ft 
PPMl 15.01 2.601 
EPM12.1410.091 
TOTAL CATION 
£PM 8.48 
* * * * SAMPLE NUMBER 1-71 
CA MG NA K CO HCG SUL(A) SUL(a) 
45-1 24.01 43.7! 5.4010.01 195.2 1 8.0| 2.01 
2.241 1.971 1.901 0.1410.01 3.201 0.17| 0.04| 
TOTAL ANIQN+SULFAT£(A) TOTAL ANION+SULFATEI 8) 
3.56 3.44 
* * * * * * *  
CL F NIT PHGS 
2.5010.451 5.09310.670 
0.0710.021 C.0810.021 
TOTAL EPM SULFATE(B) 
11.92 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE 
PPM 154.0 320. 320. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
220. 7.8 8.0 53.9 
HARDNESS 
* * * * * * *  SAMPLE NUMBER 1-75SH * * * * * * *  
SI FE 
PPMI18.015.001 
EPM12.5710.181 
TOTAL CATION 
EPM 14.00 
SUL(B) 
365.31 
CA MG NA l< CO HCO SUL ( A) 
114.1 46.11 33.9110.7010.01163.51 38.01 
5.711 3.79i 1-471 0.27|0.0l 2.68| 0.791 7.611 
TOTAL ANION+SULFATECA) TuTAL ANIUN+SULFATE(B) 
3.65 10.46 
CL F 
0.5010.421 
0.01 10.021 
TOTAL EPM 
NIT PHOS 
6.4211 1.230 
0.1010.039 
SULFATE(B) 
24-46 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 217.0 478. 268. 210. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
310. 7.4 7.6 47.3 
* * * * *  SAMPLE NUMBER 1-76 * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPM|25.012.201 104.1 29.81 18.4113.0010.01247.7| 24.01 14.31 1.20|0.78| 4.207)0.370 
EPMl3.5710.081 5.191 2.45| 0.30| 0.33l0.0l 4.061 0.501 0.301 0.0310.04 1 0.07|0-012 
TOTAL CATION TUTAL ANION+SULFATE{A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE!B) 
EPM 12.42 4.71 4.51 16.93 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 206.5 384. 384. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
295. 6.9 7.3 49.5 
WATER ANALYSIS 
* * * X 
SI FE 
PPM|12.0j3.40i 
EPMI 1.7l|0.i2i 
TOTAL CATION 
EPM 12.55 
: * * » SAMPLE NUMBER 1-77 
CA MG NA K CO HCC SUL(A) SULIB) 
120. 1  31.91 42.51 9.0010.01264.71 130.01 13.4| 
6.011 2.631 1.85 1 0.2310.01 4.34| 2.71| 0.28| 
TOTAL ANION+SULFATE{A) TOTAL ANI0N+SULFATÉ(B) 
7.16 4.73 
» * * : 
CL F 
1.501 0.961 
0.0410.051 
TOTAL EPM 
p * * * 
NIT PHÛS 
1.43010.020 
0.0210.001 
SULFATE(B) 
17.28 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 301.7 434. 434. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
431. 7.1 7.2 51.0 
* * * * * * *  S A M P L E  NUMBER 1-78 ******* 
SI FE CA MG NA K CO HCO SUL(A) SULCB) CL F NIT PHOS 
PPMl27.0l4.40l 84.1 51.81 27.5} 4.4Cl0.01 231.8 I 13.01 17.91 1.5010.60| 0.44310.180 
EPM|3.8610.161 4.191 4.26| 1.201 0.11|0.0| 3.801 0.27| 0.371 0.0410.031 0.0110.006 
TOTAL CATION TuTAL ANIGN+SULFATEI A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE!B> 
EPM 13.78 4.16 4.26 18.04 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 217.0 326. 326. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
310. 7.3 7.5 50.5 
* * * * * * *  S A M P L E  N U M B E R  1 - 7 9  * * * * * * *  
SI FE CA MG NA K CD HCO SUL(A) SUL(B) CL F NIT PHOS 
PPMl28.0l4.20l 82.1 44.21 58.4130.OOl0.Oi130.51 55.01 12.41 1.00l0.79l 2.65710.010 
EPMl4.00l0.15l 4.071 3.631 2.541 0.7710.Ol 2.141 1.151 0.2ol 0.0310.041 0.0410.000 
TOTAL CATION TOTAL ANI0N+5ULFAT£{A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 15.16 3.40 2.51 17.67 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 382.2 342. 214. 128. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
546. 7.3 7.6 50.5 
WATER ANALYSIS 
SAMPLE NUMBER 1-30 
SI Ft 
PPM 113.51 3.40 I 
EPMl1.9310.121 
TOTAL CATION 
EPM 12.89 
* * * * * *  
CA MG NA K CU HCO SULCAJ SUL(B) 
111.1 36.01 44.8115.0010.01272.11 90.01 67.61 
5.551 2.961 1-951 0.3810.01 4.461 1.871 1.411 
TOTAL ANIGN+SULFATE(A) TOTAL ANIGN+5ULFATE(0) 
6-54 6.07 
CL F 
l.Oûl1.121 
0,0310.06 I 
TOTAL EPM 
NIT PHÛS 
7.47110.020 
0 . 1 2 1 0 . 0 0 1  
SULFATE(B) 
13.97 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CARBONATE HARDNESS 
PPM 191.8 446. 446. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
274. 6.9 7.2 51.5 
* * * * * * *  
SI FE 
PPMI 8.312.801 
EPMl1.1910.101 
TOTAL CATION 
EPM 8.16 
CA MG 
49-1 48.51 
2.441 3 
TOTAL 
SAMPLE NUMBER 1-81 
NA K CO HCO SUL(A) SUL{8) 
0.0117.8010.01220.81 95.01 16.91 
991 0-0 1 0.4610.01 3.621 1-981 0.35| 
ANION+SULFATE{AJ TOTAL ANION+SULFATE(3) 
5.86 4.24 
* * * * * * *  
CL F NIT PHOS 
4.5011.751 2.98910.02U 
0.13l0.09| 0.0510.001 
TOTAL EPM SULFATE(3) 
12.40 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 175.0 362. 362. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
250. 8.0 7.9 40.0 
* * * * * * *  S A M P L E  N U M B E R  1 - 8 2  * * * * * * *  
SI Fh CA MG NA K CO HCO SUL(A) SUL(3) CL F NIT PHOS 
PPMl 8.211.051 95.1 33-81 33.9115-OOl0-01 242-31 43-0| 77-11 2.00|1.25| 1.46110.010 
EPMl1-1710.041 4-731 2-781 1.471 0.38(0.01 3-981 0-901 1-611 0-0610.071 0-0210-000 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(8) TOTAL EPM SULFATE(B) 
EPM 10-58 5.02 5.73 16.31 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 183.4 398. 398. 0-
SPÊCIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
262. 7.2 7.2 55.6 
WATbR ANALYSIS 
* * * * * * *  SAMPLE NUMBER 1-83 
SI FE 
PPMl14.210.551 
EPM|2«03l0.02| 
TOTAL CATIUN 
EPW 12.83 
CA MG NA K CO HCù SUL(A) SUL(S) 
120.1 36.71 32.0I15-0C10.01250.11 85.0} 19.91 
5.991 3.021 1.391 0.3810.01 4.101 1.771 0.411 
TOTAL ANIQN+SULFAT£(A) TOTAL ANION+SULFATE(B) 
5.99 4.63 
* * * * * * *  
CL F NIT PHCS 
1.5011.031 1.10710.020 
0.04)0.061 0.0210.001 
TOTAL EPM SULFATE(B) 
17.46 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CAR8CNATE HARDNESS 
PPM 192.5 453. 410. 43. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
275. 7.0 7.2 51.5 
* * * * * * *  SAMPLE NUMBER 1-86 
SI Ft 
PPMl 3-012.601 
EPMI 0.43 I 0.091 
TOTAL CATIUN 
EPM 3.90 
CA MG NA K CO HCO SUL(A) SUL(B) 
58.1 23.51 76.41 9. 50 1 0.01 141-5 1 5-01 329.31 
2.871 1.931 3.32 1 0.2410.0| 2.321 O.lOl 6.861 
TOTAL ANION+SULFATE{A) TOTAL AMON+SULFATE(B) 
2.50 9.25 
* * * * * * *  
CL F NIT PHOS 
0.5010.871 0.59810.160 
0.0110.051 0.01)0.005 
TOTAL EPM SULFATE(B) 
18.15 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 261.8 242. 232. 10. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
374. 7.7 7.7 46.0 
* * * * * * *  S A M P L E  N U M B E R  1 - 8 7  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(a) CL F NIT PHUS 
PPMl15.013.201 113. 1  47.01 52 . 8 1  7.60|O . O l353.81 15. 0 1  224. 6 1  2. 0 0 1 0 .55| i.771|0.300 
EPM12.1410.111 5.631 3.871 2.301 0.1910.01 5.301 0.311 4.681 0.0610.031 0.0310.009 
TOTAL CATION TOTAL ANION+SULFATc(A) TOTAL ANICN+SULFATE(B) TOTAL EPK SULFATE(B) 
EPM 14.25 6.23 10.60 24.85 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 129.5 478. 478. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
185. 7.5 7.5 49.3 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 8 6  * * * * * * *  
SI Ft CA MG NA K CO HCG SUL(A) SUL(B) CL F NIT PHOS 
PPMll5.5lO.231 66.1 20.61 69.01 5.001O.Ol255.6| 3.01 35.8} 1.00l0.75| 3.68910.190 
EPMl2.21l0.01l 3.311 1.701 3-001 O.lSlO.Oj 4.19| 0.061 0.751 0.0310.04) 0.06)0.006 
TOTAL CATION TOTAL ANlON+SULFATE(A) TOTAL ANICN+SULFATE{B) TOTAL EPM SULFATE(B) 
EPM 10.36 4.38 5.07 15.43 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 125,3 254. 254. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
179. 7 .5 7.6 4 9 . 6  
* * * * * * *  S A M P L E  N U M B E R  1 - 8 9  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(6) CL F NIT PHOS 
PPM123.013.501 64.1 22.61 42.51 7.6Gl0.01222.01 8.01 88.51 1.50ll.20l 3.233)0.280 
EPM13.2910.13 1 3.191 1.86| 1.851 0.1910.Ol 3.641 0.171 1.84) 0.04)0.00) 0.05)0.009 
TOTAL CATIUN TOTAL ANIGN+SULFATEIA> TOTAL ANION+SULFATEIB> TOTAL EPM SULFATE(B) 
EPM 10.50 3.97 5.65 16.15 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 103.5 254. 254. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
155. 7.1 7.5 51.0 
* * * * * * *  S A M P L E  N U M B E R  1 - 9 0  * * * * * * *  
SI FE CA MG NA K CO HCO SULIA) SUL(B) CL F NIT PHOS 
PPM)26.010.501 119.1 36.91 6.3) 7.00)0.0)213.5) 70.0) 11.4)21.00)0.551 (0.100 
EPM13.7110.021 5.951 3.201 0.271 0.18)0.0) 3.501 1.46) 0.24) 0.59)0.03) )0.003 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 13.33 5.58 4.36 17.69 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 259.7 460. 350. 110. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
371. 7.0 7.2 50.3 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  1 - 9 2  * * * * * * *  
SI FÉ CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPM|27.0)0.381 154.1 34-31 33-0| 3.00}0.01230.6j 90.0} 76.91 32.0010.53155.07710.050 
EPMl3.861O.Oil 7.661 2.82| 1.44| 0.09|0.0| 3.78| 1.87| 1.60| 0.90|0.03 I 0.89(0.002 
TOTAL CATION TOTAL ANlON+SULFATE(A) TOTAL ANION+SULFATECB) TOTAL EPM SULFATECBJ 
EPM 15.89 7.47 7.20 23.09 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 139.3 527. 378. 149. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
199. 7.4 7.4 46.2 
* * * * * * *  S A M P L E  N U M B E R  1 - 9 3 S H  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SULIB) CL F NIT PHOS 
PPM123.012.111 92.1 26.21 20.0| 8.4010.0|234.2| 7.0| 26.81 3.0010.631 0.930)0.040 
EPM13.2910.081 4.61| 2.151 0.871 0.2110.01 3.841 0.15) 0.561 0.08)0.031 O.C2|0.001 
TOTAL CATION TOTAL ANION+SULFATECA) TOTAL ANIGN+SULFATt(B) TOTAL EPM SULFATt(B) 
EPM 11.21 4.12 4.53 15.74 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 108.5 340. 340. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
155. 7.2 7.5 49.3 
* * * * * * *  S A M P L E  N U M B E R  1 - 9 4  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHGS 
PPMjlO.014.301 119.1 67.71 68.4)30.30)0.0)170.8) 300.0) 144.7110.GO 12.001 2.856)0.030 
EPMl1.43(0.151 3.951 5.57| 2.981 0.7810.0) 2.80) 6.251 3.01) 0.28)0.11) 0.0510.001 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 16.85 9.43 6.25 23.09 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 154.7 580. 280. 300. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
221. 7.6 7.6 49.6 
VIATCR ANALYSIS 
4 * * ^ 
SI F-L 
PPMl 2.011.601 
EPMl0 .291U .J6I  
TOTAL CATION 
tPM 13.61 
* * * SAKPLc NUMBLK 1-95 
CA M G NA ,< CO HCG 5UL(A) SUL(B) 
131.1 48.51 58.61 7. 00| 0.0 | 189.1 | 58.0| 9.2 I 
b.bbi 3.991 2.551 C.lg|O.G| 3.1G1 1.21| 0.1S| 
TOTAL ANION+SULFATc(A) TUTAL ANIUN+SULFATL(B) 
4.47 3.45 
* * * : 
CL P 
0.5010.871 
0. CI 10.05 I 
* * * 
NIT PHLS 
5.31410.480 
0.0910.015 
TUTAL LPM SULFATE(6) 
17.06 
TLTAL OISSuLVED SOLIDS TÛTAL HARLNcSS CAKSGNATE KAKÙNESS NUN-CARBONATE HARDNES! 
PPM 353.5 530. 310. 220. 
SPECIFIC CONDUCTANCE FIfcLU PH LAB PH FIELD TLMP 
505. 7.5 7.6 4 7.6 
* * * * * * *  S A M P L c  N U M B E R  1 -96 ******* 
SI F£ CA MG H A  K CO HCO SUL(A) SUL(B) CL F NIT PHDS 
PPKl 9.0(0.84 I 100.1 40.31 69.0|24.50j0.0j203.7j 250.Oi 21.91 B.0011.70115.7651 0.0 
ePMl1.2910.03j 4.991 3.32) B.OOj 0.6310.01 3.341 5.201 0.46| 0.23l0.09| 0.251 0.0 
TUTAL CATION TOTAL AMIuN+SULFATE(A) TUTAL ANION+SULFATE(3) TOTAL EPM SULFAT£{b) 
EPM 13.25 9.11 4.36 17.61 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNtSS NUN-LARBGNATE HARDNESS 
PPM 306.o 416. 334. 64. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
438. 7.3 7.Ù 49.1 
* * * * * * ;  
SI FE CA 
PPMl 3.011.201 189.1 
EPMI 0.4310.041 9.421 
TOTAL CATIuK TOTAL 
EPM 15.43 
SAKPLE NUMBER 1-97 
f-.G iJA CU HCO SUL(A) 
55.71 17.2 1 0.4010.01 114.71 200.0| 
4.581 0. 751 0.21)0.01 1.8dl 4.161 
* * * * * * *  
SULlii) CL F ivIT PHUS 
102.01b5.5010.73160.09210.010 
2.121 1.0510.041 0.9310.000 
ANlUN+SULFATctA) 
0.91 
TUTAL ANIUN+SULFATE!y) 
6.8 7 
TOTAL EPM SULFATE(b) 
22.31 
TOTAL DISSOLVED SOLIDS TOTAL HAKUNESS CAKOcNATE HARDNESS NùN-CAHÔONAT t HARDNESS 
PPM 392.7 704. 1B8. 516. 
SPECIFIC CONDUCTANCE FIELD PH LAb PH FIELD TEMP 
561. 0.0 7.4 0.0 
WATLR ANALYSIS 
$ * * * 
Si ?'c 
HPMI 3.0|0.301 
EPMlC.43(0.01 I 
TOTAL CAT I LIN 
EPM 12.24 
* * * SAmPLL NUMBER 1 - 9 9  
CA KG NA K CO H C V  SUL(A) SUL(B) 
127. j 41.31 41.5110.001 0.01148.21 5a.0| 26.4 | 
6.351 3.391 1.311 0 . 2 6 | 0 . U |  2.431 1 .2i| 0 . 5 5 1  
TOTAL AMÛNH-SULFATcCA) TOTAL AN!ON+SULFATE { C) 
3.99 3.34 
CL f NIT PhOS 
1.5010.66 I 17.32910.030 
0.0410.031 0.2810.001 
TOTAL EPM SULFAT£(8) 
15.50 
TOTAL DISSOLVED SOLIUS TOTAL HARDNESS CARBCNATE HAKDNESS NUN-CARBONATE HARDNESS 
PPM 326.9 490. 243. 247. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELU TEMP 
4o7. 7.4 7.5 48.2 
* * * * * * *  S A M P L E  N U M B E R  1 - 1 0 2  
SI FE CA HG NA K CO HCu SUL(A) SUL(B) 
PPK|22.012.00) 106.1 55.71 31.G 110.00|0.01276.9| 35.01 113.3| 
EPK13.1410.071 5.271 4.58| 1.351 0.2610.01 4.541 0.731 2.3bl 
TOTAL CATION TOTAL AN IGN+SULF ATE { A ) TOTAL Ahl OiN+SUL F ATE ( B ) 
EPiV 14.67 5.39 7.02 
* * * * * * *  
CL F NIT PHOS 
1.0011.40 1 0.072 10.050 
0.0310.071 0.0110.002 
TOTAL EPM SULFATE(d) 
21 .68  
TOTAL DISSOLVED SOLIUS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 264.6 496. 454. 42. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
37b. 7.3 7.5 59.0 
* * * * * * *  S A M P L E  N U M B E R  1 - 1 0 4  * * * * * * *  
SI FE CA KG NA K CO HCO SUL(A) SUL(bJ CL F NIT PHOS 
PPMl14.510.251 101.I 45.11 46.& 1 13.QOl0.01225.71 125.01 9.5) 2.5011.40 I 21.25710.100 
EPMl2.0710.011 5.031 3.71| 2.041 0.3310.01 3.701 2.601 0.201 0.07|C.07l 0.34|0.003 
TOTAL CATION TOTAL ANION+SULFATEI A) TOTAL ANIGN+SULFATE(L) TOTAL EPM SULFATE(B) 
EPM 13.19 6.79 4.3S 17.56 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 291.2 440. 370. 70. 
SPECIFIC CONDUCTANCE FIELU PH LAB PH FIELD TEMP 
416. 7.3 7.5 49.9 
WATEK ANALYSIS 
* * * * * # * SAMPLE NUNBcR 1-lui ******* 
SI FE CA K G  NA K CO HCC SUL(A) SULCB) CL F NIT PHC5 
PP.Ml28-CH.20l 67.1 37.91 | |0.01275.71 13.0| 1 i.OOll.lOl 1 
EPMl4.00|0.15) 4.351 3.12) | lO.Ol 4.52} 0.271 } 0.0310.G6| ; 
TOTAL CATION TCTAL ANICN+SULFATt(A) TUTAL ANlON+SULFATE{n) TOTAL EPM SULFATECD) 
EPK 11.62 4.88 4.61 16.23 
TOTAL DISSOLVEC SOLIDS TOTAL HARDNESS CARBONATE HAKONESS NON-CARBONATE HARDNESS 
PPM 376. 376. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
7.3 7,6 44.a 
* * * * * * *  S A M P L E  NUMBER 1-106 ******* 
SI FE CA MG NA K CO HCO SUL(A) SOLIB) CL F NIT PHCS 
PPMI27.014.501 87.1 24.51 32.0} 7.00)0.0 1236.71 13.01 46.41 I.b0l0.60| 1.01910.170 
EPMl3.661C.lbl 4.351 2.01| i.39| C.18lO.C| 3.881 0.27) 0.971 0.0410.031 0.02)0.005 
TOTAL CATION TOTAL ANI C'N+SULFAT E { A ) TOTAL ANIiiN+SULFATEC B ) TOTAL EPM SULFATE(B) 
EPM ll.Si> 4.25 4.^4 16.89 
TOTAL DISSOLVED SOLIùS TUTAL HARDNESS CARBONATE HAXCNESS NGN-CARHONATc HARDNESS 
PPM 211.4 320. 32Ù, 0. 
SPECIFIC CUiMJUCTANCE FIELD PH LAB PH FIELD TEMP 
302. 7.3 7.6 42.2 
* * * * * * *  S A M P L E  NUMBER 1-121 ******* 
SI FE CA ."iG NA 1< CO HCC SUL(A) SULCi:) CL F NIT PHUS 
PPMll7.0l0.60l 6i).l 26-41 9.7| 5. 1 0. Û1 Id 1. b | 4. 0 | 156.71 1. 001 0.971 1.0I9|0.310 
EPMl2.43|0.021 3-23 1 2.171 0.42| 0.14|0.0| 2.98| U.OL| 3.26| 0.U3|G.05| 0.0210.010 
TOTAL CATION TOTAL mNIGN+SULFATE(A) TcTAL ANIGN+SULFATEfb) TuTAL EPM SULFATE!6) 
EPM 8.42 3.17 6.35 14.76 
TOTAL ÛISSULVËO SOLIDS TOTAL HARDNESS CARBCNATL HAKDNESS NGN-CAK.BCNATE HARDNESS 
PPM 163.1 272. 272. 0. 
SPECIFIC CuW&UCTANCE FIELD PH LAB Ph FIELD TEMP 
233. 7.3 7.5 48.d 
WATLR ANALYSIS 
* =!•• » * * * * SAMPLE NUMBhK 1-123 * "X * * * * * 
SI FE CÂ MG NA K CU HCC SUL(A) SUL{B) CL F NIT PHGS 
PPMI23.0)2.001 90.1 b2.6| 26.2) 7.50)0.0)246.4) 48.01 204.9) 0.50)0.80) 1.52911.^*40 
EPM(3.29)0.071 4.47) 2.681 1.14) 0.1910.0) 4.04) 1.0C| 4.271 0.0110.04) 0.02 10.045 
TOTAL CATIuN TOTAL AMIDM+SULFATc(A) TOTAL ANIGN+SULFATttB) TOTAL EPM SULFATE(B) 
EPM 11.84 5.16 6.43 20.27 
TOTAL DISSOLVËJ SULICS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 214.9 360. 360. 0. 
SPcCIrIC CONDUCTANCE FIELu PH LAb PH FIELD TEMP 
307. 7.4 7.4 47.a 
* * * * * * *  S A M P L E  N U M B E R  1-130 ******* 
SI FE CA MG NA K CO HCO SUL{AJ SUL(B) CL F NIT PHuS 
PPM)31.0)4.501 92.I 23.01 25.71 8.90)0.0)213.5) 42.01 2Ul.6| 1.50)0.6o) 0.709) 0.0 
EPMl4.43lO.16l 4.391 1.89) 1.121 0.2310.01 3.50l 0.671 4.201 0.0410.03) O.Oll 0.0 
TOTAL CATIuN TOTAL ANICN+SULFATc I A) TOTAL ANlUN+SULFATElb) TOTAL EPM SULFATtlS) 
EPM 12.42 4.4b 7.79 20.21 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HAKUMESS NON-CARSONATE HARDNESS 
PPM 183.4 32Ù. 326. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
262. 7.1 7.3 49.4 
* * » * * » SAMPLE NUMBER 5-24 ******* 
SI FE CA MG NA K CO HCO SUL(A) SUL(BJ CL F NIT PHLS 
PP.M125.01 5. 001 74. 1  36.5 1 45.01 9.00)0.0)257.4) 13.01 1  3.50)0.74) 10.117 
EPM)3.57)0.181 3.671 3.GO) 1.96) 0.23)0.0) 4.22) 0.27) ) 0.10)0.041 )O.C04 
TOTAL CATION TOTAL A.NION+SULFATEI A J TOTAL AN lON+SULF ATE ( 6 ) TOTAL EPM SULFATE(d) 
EPM 12.61 4.63 4.3ô 16.97 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CAKSONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 22o.a 336. 336. 0. 
SPECIFIC CONDUCTANCE FIELU PH LAB PH FIELu TEMP 
324. 7..'> 
WATcR a n a l y s i s  
* 3 ^ * * * * SaypLc NU^okR i-3i **»»+$* 
SI Fc CA rtG NA K CO HCu SUL(A) SUL(B) CL t NIT PHCS 
PPNl14.012.40 ; 34.i 29.81 45.0|13.3010.01224.5| 65.01 3û.2| 2.50|0.44113.330| O.U 
EPM|2.CC|0. Jt| 4.191 2.45 1 1.96) 0.34)0.01 3.6b| 1.351 0.7b| 0.0710.021 0.221 0.0 '  
TOTAL CAT lUi, FUTAL ANIUM+SULFATc( A) TOTAL Ai\lUN+SULF ATtl ( D ) TOTAL tPi-' SULFATc(c) 
EPM 11.02 5.34 4.74 lb.76 
TOTAL lilSSGLVcO SOLI US TOTAL HARDNcSS CARbLNATk HARDNESS NON-CARQGNAT c HARÛN&SS 
PPM 205.8 334. 334. 0. 
SPECIFIC CONUUCTANCE FIELÛ PH LAB PH FILLO TEMP 
294. 7.6 7.6 51.6 
* * * * * * *  S A M P L E  N U M B E R  5 - 3 2  * * * * * * *  
SI Ft CA HG NA K CU HCO SUL(A) SUL(e) CL r NIT PHtlS 
PPMlZl.Gll.dui 94.1 32.21 26.4| 5.00)0.01256.2| 8.C| 141.o| 2.50l0.b0| 1.10710.040 
EPK|3.0Ul0.0ol 4.711 2.04) 1.2^) 0.13,0.0) 4-201 0.171 2.951 0.07)0.031 0.C21G.C01 
TCTAL CATIuN TOTAL ANIOSm+SULFaTi; < A) TÙTAL AMI lUN+SULF ATE { B) TOTAL EPM SULrATc ( c )  
EPiV 11.7o 4.49 7.27 Iv.Cb 
TOTAL DISSOLVED SOLIDS TOTAL HAHDivESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 116.2 370. 370. 0. 
SPECIFIC CCNDUCTANCE FIELD PH LAB PH FIELD TEMP 
16c. 7.5 7.6 49.3 
* * * # * SAMPLE NUMBER 5 3 * 4- * * 
SI Ft CA hG NA K CO F.Ci' SUL(A) SUL(li) CL F NIT PHuS 
PPM)30.012.^01 d3.| 28.ol 39.01 S.7510.01253.11 23.0) 13.41 1.5010.451 2.081)0.420 
HPMj4.29j0.10) 4.13 1 2.35) l.fO) 0.22)0.0) 4.15) 0.48) 0.28) 0.04)0.02 1 0.03)0.013 
TOTAL CATION TOTAL AHIUN+SULFATE ( A ) TOTAL ANiON+SULFATE I B) TOTAL. tPH SULrATElLl) 
EPM 12.79 4.74 4.54 17.33 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CAABOaATE HARDNESS NON-CARBONATE HAkuNESS 
PPM 196.0 326. 326. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
2dO. 0.0 7.5 72.0 
WATEK ANALYSIS 
* * * * * * « SAKPLL NUMbcR 5-50 ******* 
SI FE CA i'îG NA K CO HCU SUL(A) SUL(d) CL F NIT PHOS 
PPMl 6-0|3.6ûl 104.1 62.61 87.5|22.50|0.U|156.2| 400.C| 83.1|10.00|1.65| 1.01910.430 
EPMI 0.861 U.131 i).17l 5.151 2.811 0.58|0.0| 2. 30 1 d.33| 1.731 0.28|0.09| 0.02|U.U14 
TUTAL CATIuN TuTAL ANlON+SULFATE{A) TUTAL ANIuN+SULFATc(b) TUTAL tPM SULFATtCB) 
EPM 15.69 11.29 4.69 20.38 
TOTAL GISSULVEu SCLILS TOTAL HARDNESS CARBONATE HARDNESS N&N-LARDUNATc HARDNESS 
PPM 330.4 540. 256. 284. 
SPECIFIC CONDUCTANCE FIELD PH LAtt PH FIELD TEMP 
472. 7.7 7.6 51.8 
* * * * * * *  S A M P L E  N U M B E R  5 - 6 9  * * * * * * *  
SI FE CA MG NA K CO HCQ SUL(A) SUL(8> CL F NIT PHOS 
PPMI22.014.001 90.1 32.6| I |0.0|283.01 13-Cl | 0.50)0.711 | 
EPMI 3.1410.141 4-471 2.6i> I \ |0„0i 4.641 0.27| 1 0.01)0.041 | 
TOTAL CATION TUTAL ANlUN+SULFAT£(A) TOTAL ANlON+$ULFATE(B) TOTAL EPK SULFATttB) 
EPM 10.44 4.96 4.69 15.13 
TOTAL OlSSni VEU SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 360. 360. 0. 
FIELU PH LAB PH FIELD TEMP 
7.6 56.3 
* * * * * * *  S A M P L E  N U M B E R  5 - 7 2 ( l - 7 5 0 P )  * * * * * * *  
SI FE CA MG NA K CO HCO ' SUL(A) SUL(B) CL F NIT PHOS 
PPM|23.0l4.00l 115.1 37.91 35.0|10.701 0.01164.7 I 12.0| 6.6| 0.5010.441 5.53611.660 
tPM|3.29|0.i4l 5.751 3.121 1-52| 0.27|0.0( 2.701 0.2^1 Q.i4| 0.ûl|0.02| 0.0910.052 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANIUN+SULFATE{6) TUTAL EPM SOLFATECB) 
EPM 14.09 3.13 3.02 17.11 
TOTAL DISSOLVE; 
PPM 236.6 
SOLIDS TOTAL BARONESS CARBONATE HARDNESS NON-CARBONATE BARONESS 
446. 270. 176. 
SPECIFIC CCNOUCTANCE FIELD PH LAB PH FIELD TEMP 
338. 7.4 7.6 48.5 
WATER ANALYSIS 
* * » * * * * SAi-HLE NUf'dtR b-64 ******* 
SI Ft CA MG NA K CG HCG SUL(A) SUL( 'D ) CL F Ml PHOS 
PPMllO.014.401 200 .1 75.81 38.0115.OC|0.0| 81.1| 330.01 72.1| 7.5U|1.411 2.6571 J.020 
EPMl1.4310.161 9.961 6,24| 1.651 0.3810.01 1.33| 7.91| 1.501 0.2110.071 0.04)0.001 
TOTAL CATION TOTAL ANIUN+SULFATE(A) TOTAL ANIuN+SULFATfc(B) TOTAL EPM SULFATElu) 
EPM IS.%4 9.57 3.16 23.00 
TOTAL ÛISSLLVeC SCUDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 463.4 816. 133. 683. 
SPECIFIC CONDUCTANCE FIELD FH LAB PH FIELD TEMP 
662. 7.8 7.6 47.9 
* * * * * *  ; ^  S A M P L E  N U M B E R  5 - 1 4 1  * * * * * * *  
SI Fc CA M G NA K CO HCCJ SUL(A) SUL(6) CL F NIT PHOS 
PPiMl28.0l2.4U| dU. I 26.91 B.Ol 3. 00 j U. 0 1189 . 1 j 34.0| 32.3 | i.OOjO.SOl 2.9671 0.130 
EPM) 4.0010.Jy I 3.9^1 2.21| 0.35) 0.0810.0| 10| 0. 71 | 0.671 0.03|0.03| 0.05|U.004 
TOTAL CATluN TOTAL ANIrjN+SOLFATE ( A) TOTAL ANlCN+SULFATEtB) TOTAL EPM SULPATb(G) 
EPM 10.71 2.91 3.3c 14.b9 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 142. o 312. 310. 2. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
204. 7.3 7.5 43.0 
* * * * * * *  S A M P L E  N U M B E R  5 - 1 6 4  * * * * * *  *  
SI Fc CA KG NA K CO HCC SUL(A) SUL{B) CL F NIT PHOS 
PPMl23.0l2.20i 76.1 31.71 32. 61 9. 0 C1 0. 0 I 239.1 I 8.01 8.4l 1.0010.80) 0.753)0.:jOO 
EPMl3.29lO.Odl 3.7^1 2.61) 1.421 0.23)0.0| 3.921 0.17) 0.17} 0.03)0.04) 0.01)0.016 
TOTAL CATION TOTAL ANIQK+SULFATE(A) TOTAL AK ILN+SULFAVE{B) TOTAL EPK SULFATE(6) 
EPM 11.41 4.1c 4.19 15.60 
TOTAL UlSSOLVcJ SCLIDS TOTAL HARDNESS CAKd ONATE HAKCNESS NOW-CARSENATE HARUNTSS 
PPM 142.c 322. 322. 0. 
SPcCIFIC CONDUCTANCE FIELO PH LAb PH FIELD TEMP 
204. 7.6 7.0 51.4 
WATcR ANALYSIS 
^  ^  ^  ^  ^  SAMP Lb NUi'wcK iï—lôT 4: * <= 4= 4: 4= 
SI Pc CA HG NA K CLi HCC SULLA) SUL(D) CL F NIT PH03 
PFM|27.0|4.50j 8b.I 20.2| . : |0.0|259.9l 11.0| I i.50|0.53| I 
tPMl3.eclG.l6l 4.271 1.661 1 lO.Ol 4.261 0.231 I 0.U4|0.03| | 
TOTAL C.ATIuN TuTAL ANION+SULi-ATEl A) TOTAL AiSiluN+SULFATE { B) TOTAL LP M SULFATtlB) 
EPM g.jb 4.56 4.33 14.28 
TOTAL DiSSULVED SULIDS TOTAL HAkUNtSS CAk8LNATk HARDNESS NCN-CAXBûNATb HARDNESS 
PPM . - 298. 298. 0. 
SPECIFIC CLNDUCTANCE FIELD PH LAB PH FIELD TEMP 
. 7 . 5  5 8 . 8  
* * * * * * *  S A M P L E  N U M f c E R  5 - 1 7 2 F 1  * * * * * * *  
SI Ffc CA MG NA K CO HCC SUL(A) SUL(E) CL F NIT PHliS 
PPMll3.3l0.03l 83.1 31.71 11.5| 4.5C|G.Û|218.41 6.0} 1G.4| 1.00|0.46| 0.53110.120 
EPMl 1.931 Û.GOj 4.151 2.61| O.SOj 0.1210.01 3.i>3l 0.121 0.221 0.0310.021 0.0i| 0.004 
TOTAL CATIGN TOTAL ANIUN+SULFATt(A) TOTAL ANION+SULFATE(8) TOTAL EPM SULFATE(B) 
EPM 9.30 3.77 3.86 13.1c 
TUTAL OISSULVEO SOLIDS TOTAL HARDNESS CARbCNATt HARDNESS NOM-CARiiGNATE HARDNESS 
PPM 145.6 340. 340. 0. 
SPECIFIC CCNUUCTANCE FIELD PH LAB PH FIELD TEMP 
206. 7.3 7.5 54.7 
* * * : 
SI FE 
PPMl15.012.001 
EPMI2.1410.071 
TOTAL CATiJ.V 
EPM 3.59 
: * * 
CA 
83-1 
4. 13 1 
T!J I AL 
SAMPLE NUMOEK 5-172UFI 
HG MA K CO HCO SULiA) SUL(5) 
31.71 11.51 4.5Gl 0.01 217.2 I 13.01 6.51 
2.611 0.501 0.1210.01 3.5b| 0.271 0.14| 
AMIuN+SULFATE(A) 
3.39 
TUTAL ANIGN+SULFATE (B)  
3.75 
* * * j 
CL F 
0.5010.421 
0.011 0.021 
TOTAL tPK 
* * * 
i\IT PH US 
0.93010.200 
0. C2l 0.006 
SULFATE(B) 
.34 
TOTAL OISSGLViiO 
PPM 137.Ï 
;LiOS TOTAL HARDNESS 
348. 
CAKBLNATE HARDNESS 
34 8. 
NON-CARBUNATE HARDNESS 
0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH 
197. 7.2 7.5 
FIELD TEMP 
52.7 
WATbK ANALYSIS 
* * * » » » *  S A M P L E  N U M B E R  5 - 1 7 6 ( 1 - 1 2 0 )  * * * * * * *  
SI FE CA MG NA 1< CO HCG SuL(Aj SUL(u) CL F NIT PHGS 
PPMl19.010.051 134.1 41.81 27.1( 1.5010.0|239.1| 65.Cl 45.31S2.50|0.521 0.886|0.110 
bPMl2.7110.001 6.671 3.43| l.lSj 0.0410.0| 3.921 1.351 0.94 1 2.61lO.Oil 0.0110.003 
TOTAL CATION TuTAL ANlUN+SULFATt(A) TOTAL ANiON+SULFATEtb) TOTAL EPM SULFATt(B) 
EPM 14.03 7.93 7.52 21.55 
TOTAL DISSOLVED SULICS TOTAL HARDNESS CARBuNATfc HAHDNtSS NON-CARBONATE HARDNESS 
PPM 280.0 508. 392. 116. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
400. 7.0 7.2 52.2 
* * * * * * *  S A M P L F  N U M B E R  5 - 2 0 1 ( i - 7 U P )  * * * * * * *  
SI FE CA MG NA K CO HCG SUL(A) SUL(6) CL F NIT PHGS 
PPMl23.013.801 82.1 26.41 26.0| 9.4010.01225.7 I 18.0| 7.7 I l .OOjo.SOl 0.70910.020 
EPM 14.001 0. 141 4.111 2.171 1.131 0. 24 i 0.0 1 3.701 0-371 û.l6| 0.G3|0.02| 0.01*0.003 
TOTAL CATION TOTAL ANIGN+SULFftfc(A> TOTAL AN1GN+SULFATE{H) TOTAL EPM SULFATt(b) 
EPK 11.75 4.13 3.52 15.71 
TOTAL DISSOLVED SQLIOS TOTAL HARDNESS CARBONATE HARDNESS NGN-CARDGNATE HARDNESS 
PPM 184.8 316. 316. 0. 
SPECIFIC CCNDUCTANCE FIELD PH LAB PH FIELD TEMP 
264. 7.4 55.7 
* * * * * * *  S A M P L E  N U M B E R  5-222(1-122) ******* 
SI Ft CA MG NA K CO HCO SUL(A) SUL(c) CL F NIT PHoS 
PPMl16.Oil.501 118.1 61.01 74.9l26.50l0.01218.41 350.01 59.21 1.50|1.99l 1.90410.600 
EPHi2.2910.05| 5.87 1 5.011 3.26| 0.6a|Q.Q| 3.58 1 7.29| 1.23| 0.0410.lOl 0.0310.019 
TOTAL CATION TOTAL AN ION+SULF ATc ( A ) TOTAL ANIOiM+SULFATE ( d) TOTAL EPX SULFATE(e) 
EPM 17.16 11.Oo 5.01 22.17 
TOTAL DISSOLVED SOLIDS TOTAL HAHONESS CARBONATE HARDNESS NON-CARBONATE HARDNLSS 
PPM 355.6 548. 358. 190. 
SPECIFIC CONDUCTANCE FIELD PH LAB PK FIELD TEMP 
60S. 7.3 7.4 49.1 
kATcR ANALYSIS 
* * * SAMPLE NUMoLk b-23a(1-93ÛP 
SI fc CA MG NA K CO HCU SUL(A)  SUL (B)  
PPMl24.CIZ.IOI 93.1 25.91 20.01 7.6C10.01233.0| 10.0| SlS.Oj 
EFM13.4310.031 4.631 2.131 0.%7( C.19|0.0| 3.621 U.2il 6.621 G.06|0.03| 0.02)0.003 
^ V * * * V * 
CL P KIT PHOS 
2.UO|0.63l 1.43910.110 
TOTAL CAFIGN 
EPM 11.33 
TOTAL ANIQN+SULFATT(A)  
4 .14 
TOTAL ANIGN+SULFAT£(B)  
10.  56 
TUTAL EPM SULFATH(B) 
21.69 
TOTAL DISSOLVED SOLIDS TOTAL HARCNESS CARBONATE HARDNTSS NJN-CARBUNATE HARDNTSS 
PPM 113.4 340. 340. 0. 
SPECIFIC CONUUCTANCE FIELD PH LAB PH FIELD TLMP 
162. 7.4 7.4 49.Y 
* * * * * * *  S A K P L F  N U M B E R  5 - 2 4 1 ( 1 - 9 1 )  * * * * * * *  
SI Ft CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPM I 15.Oil.101 85.1 37.41 i>3.5l 9.5010.0 1277.51 41.01 59.21 5.0010.601 4.81810.040 
EPiMl 2.1410.041 4.231 3.061 2.541 G.24lC.0| 4.551 0.851 1.23| 0. 14l0.03| 0.08|0.001 
TOTAL CAT1ÙN TOTAL AN! ui\+SULF AT E t A1 TOTAL ANIOH+SULFATt( B) TulAL EPM SULFAT::t.ii 
:PM Ob 6.03 10.31 
TOTAL DISSOLVED SOLIDS TOTAL HAKUNTSS CAROCNATC HARDNESS NUN-CAKBUNATË HARDNESS 
PPM 124.6 368. 363. 0. 
SPECIFIC CUNUUCTANCE FIELO PH LAG Ph FIELD TEMP 
178. 7.7 7.3 48.2 
* * * * * * *  S A M P L E  N U M B E R  5 - 2 6 0 ( 1 - 1 0 0 )  
SI FH CA HG NA i< CJ HCU SUL(A) SUL(3) CL f NIT PHCS 
PPMl lo. 510.301 123.1 4o.il d3 . a 11 !> .6 O 10 .0 i 312. 3 | 110.G| 103.01 2-00|L.00l 0.73110.200 
tPKl2.3610.011 6.151 3.791 2.34| 0.4Clo.0| 5.121 2.291 2.141 O.OoIu.OdI G.0110.006 
TOTAL CATION TOTAL AiSil GN+SULFATc  (  A )  TOTAL ANION+SULFATE ( B )  T O T A L  E P M  S U L F A T E ( b )  
EPM 15.04 7.54 7.39 22.43 
TOTAL DISSOLVED SULICS TOTAL RIARÛNTSS CARBONATE HAHDNL-SS NLN-CAHBG'NATT HARDNESS 
PPM 343.0 500. 500. 0. 
SPECIFIC CONDUCTANCc FIELD PH LAB PH FIELD TEMP 
490. 7.3 7.5 50.2 
ftATER ANALYSIS 
* * * * * * *  S A M P L C  N U M B E R  5-261(1-101) ******* 
SI ft CA m NA K CÛ HCG SUL(A)  SUKD) CL h NIT PHOS 
PPMl15.011.501 luy.l 51.41 49.SI13.OClO.Oi267.21 180.01 50.l| 1.1011.35 I 0.775(0.100 
EPMj2.1410.05 I 5.431 4.22| 2.171 0.3310.0| 4.331 3,75| l.04| 0.03|0.07l 0.01(0.003 
TOTAL CATIuN TOTAL ANION+SULrAT£{A) TuTAL ANICN+SULFATE(B) TOTAL tPM SULFATE!6) 
EPM 14.35 8.24 5.54 19.89 
TCTAL CISSJLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBUNATE HARDNESS 
PPM 326.3 486. 438. 43. 
SPECIFIC CONDUCTANCE HELD PH LAB PH FIELD TEMP 
469. 7.4 7.6 53.3 
* * * * * * *  S A M P L E  N U M d E R  5 - 2 6 2 ( 1 - 8 4 )  * * * * * * *  
Si Ft CA MG NA K CD HCC SUL(A) SUL(B) CL F NIT PHOS 
PPMI 12.01 1.601 106.1 25.91 33. 0 ( 15. 00 i 0. 0 1 242. S ( 55.01 72.H 2,OuU.08| 2.657(0.020 
EPM|1.71|j.06l 5.391 2.131 1.651 0.361O.ul 3.981 1.151 1.5C| 0.06|0-06l 0.04|0.001 
TUTAL CATION TOTAL ANIQN+SULFATE(A) TOTAL AN!GN+SULFAT£{B) TOTAL cPM SULFATE(6) 
EPK 11.33 5.28 5.64 16.97 
TOTAL UISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CARBONATE HARUNESS 
PPM ldj.4 398. 398. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
262. 7.0 7.2 43.5 
* * * * * * *  S A M P L E  N U M B E R  5 - 2 6 3 ( 1 - 8 5 )  * * * * * * *  
SI Fc CA KG NA K CO HCu SUL(A) SUL(B) CL F MIT PHOS 
PPMl20.014.00) 78.1 30.01 29.1111.ÔC|0.01250.1 i  20.0( 18. 9 1  2.00l0.5dl 2.65710.160 
fcPMi2.8610.141 3.911 2.471 1.27| 0.30l0.0l 4.101 0.421 0.391 0.06|0.03l 0.04(0.006 
TOTAL CATION TOTAL ANI l)N+SULFATE I A) TOTAL ANI ÛN+SULFATE ( B) TOTAL EPH SULFATE(3) 
fcPM 10.95 4.65 4.63 15.5b 
TOTAL UISSOLVED SOLIDS TUTAL HAKCisESS CARBONATE HARDNESS NON-CARBUwATE HARDNESS 
PPM 163.d 410. 410. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
234. 7.:, 7.5 50.0 
WATLR ANALYSIS 
* * * * * * *  S A M P L L -  N U M B E R  b - ^ 6 4 ( l - 3 3 D P  * * * * * * *  
SI he CA MG MA K CU HCC SUL(A) SUL{B) CL F NIT PHLS 
PPM122.U|5.2G| 113.1 37.4| 69. 0 113 .00 |0 .0 1 244.0 | 190.01 11.21 1. 50 I 0. 85 1 22. Î? 85 1 0. 230 
EPMj3.141 a.191 3.631 3 .081  3.001 0.3310.01 4.00 1 3.961 0.231 0.04|0.04| 0.3610.007 
TOTAL LATIUN fuTAL ANION+SULFATE(A) TuTAL ANIGN+5ULFATE(6I TOTAL EPM SULFATEtB) 
EPM 15.37 8.41 4.69 20.06 
TOTAL QISSOLVED SuLlOS TUTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 310.1 438. 400. 33. 
SPECIFIC CONDUCTANCE FIELD PH LA3 PH FIELD TEMP 
443. 7.8 7.3 48.5 
* * * * * *  4 :  S A M P L E  N U M B E R  5 - 2 6 5 ( 1 - 7 2 )  * * * * * * *  
SI FE CA MG NA K CO HCU SUL(A) SUL(b) CL F NIT PHCS 
PPMl26.Cl4.00l 9o.l 37.41 39.51 5.7010.0115ô.21 10.01 167.6j 0.50j0.4Sl 4.20711.230 
EPMl3.711u.l4| 4 . 791  3 . 0a |  1.721  0.15|0.0| 2 .5b1  0.21 | 3.491 O.ullO.031 0.07)0.039 
TOTAL CATION TOTAL ANIUN+SULFATE( A) TUTAL Aiv'IGN+SULFATE( 8) TOTAL EPM SULFATEIB) 
EPM 15.59 2.91 6.20 19.79 
TUTAL DISSOLVED SOLIDS TOTAL HARDNESS CAHBCNATE HARDNESS NON-CARBONATE HARDNESS 
PPM 240.1 396. 256. 140. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
343. 7.3 7.5 49.a 
* * * * * * *  S A M P L E  N U M B E K  6 - 4  * * * * * * *  
SI FE CA MO NA K CO HCU SUL(A) SUL(B) CL F NIT PHCS 
PPMI 6.011.601 119.1 65.31 46.9133.0010.0i 70.oj 420.01 40.9121.0012.00} 4.650)0.180 
EPHl 1.1410.Oo| 5.951 5.371 2.131 0.<34)0.01 1.161 8.741 0.851 0.59)0.11) 0.08)0.006 
TOTAL CATIuK TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(-3) TOTAL EPM SULFATE(a) 
EPM 15.50 10.68 2.79 18.28 
TOTAL DISSOLVED SOLIDS TOTAL HARONESS CARDCNATE HARDNESS NON-CARBONATE HARDNESS 
PPM 325.5 570. 116. 454. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
465. 7.7 7.7 50.5 
kATER ANALYSIS 
SAMPLL- NUMBER 6-6 ******* 
SI FE CA KG NA K CU HCU SUL(A) SUL(3) CL F NIT PHGS 
PPM|20.0|4.20| 62.1 44.2j 31.8111.3CJ 0.0|I30.5 I 55.0| 40.8| 1.00|0.79|11.95710.060 
EPMj4.0u|0.l3j 4.071 3.631 1.25| 0.29| C.Gl 2.14 1 l.liil Û. 8'j | 0.0310.Q4| 0.19|0.002 
TOTAL CAFluN TOTAL ANIUN+SULF AT E( A ) TOTAL Ai\ I UfN+SULF AT £ I B ) TOTAL EPK SULFAT£{3) 
EPM 14.40 3.55 3.25 17.65 
ICTAL DISSOLVED SOLIDS TOTAL HARDNESS CARÛbNATt HARDNESS NuN-CAAbOKATE HAKiJNESS 
PPM 264.6 342. 214. 12d. 
SPECIFIC CONDUCTANCE FIELD PH LA8 PH FIELD TEMP 
378. 7.7 7.6 54.0 
* * * * * * *  S A M P L E  N U h B E K  6 - 7  *  *  *  *  *  *  *  
SI FE CA MG NA K CO HCO SUL(A) SUL(8) CL F NIT PHGS 
PPKi27.01U.32I 96.1 36.U| 22.5121.0Cl0.0 I 268.41 24.Oj 61.71 1.50j0.35131.22111.020 
EPMl3.6610.Oil 4.791 2.961 0,931 0.5410.Oj 4.401 C.50| 1.28| 0.04(0.03| 0.50|0.032 
TOTAL CATION TOTAL ANION+SULFAT E ( A ) TOTAL AN IL)N+SULFAT£ { B ) TOTAL EPM SULFATECB) 
EPM 13.14 5.51 6.29 19.43 
TOTAL DISSOLVED SOLIDS TOTAL HAKDNtSS CARBONATE HARDNESS NuN-CAKbGNATE HARUwESS 
PPM 390. 390. 0. 
SPECIFIC CONDUCTANCE FIELu PH LAB PH FIELÙ TEMP 
7.5 7. 7 45.0 
* * * 
SI FE 
PPMl10.514.00 I 
EPMl1.50|0.141 
TOTAL CATION 
EPM 5.19 
» * SAMPLE NUMBER 6-11 
CA M G NA K CU HCO SUL(A) SULlli) 
71.1 39.41 12.01 9.0010.01202.51 42.0| 328.51 
3.551 3.241 0.521 0.2310.01 3.321 0.871 6.84 1 
TOTAL ANIuN+SULFATEtA) TOTAL ANiuN+SULFATt(3) 
4.46 10.42 
* * * : 
CL F 
2.8011.901 
0.0810.10 I 
TOTAL EPM 
* * * 
NIT PHCS 
4.8711 0.210 
0.0810.007 
SULFATEt ;i) 
15.61 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CAXHONATE HARDNESS NÛN-CAR60MATE HARDNESS 
PPM 193.2 342. 332. 10. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
276. 7.4 7.5 49.2 
WATER ANALYSIS 
* * * * * * *  S A M p L L  N U M 3 & R  6 - 1 4  
SI Ft CA MG NA K CO HCO SUL(A) SUL(E) CL P NIT PHOS 
PPMl25.013.70i 84.1 21.1| 29.3) 7.6C|G,Q|218.4| 13.C| 44.0) 2.00|0.86| 3.543(0.360 
EPM|3.37|0.13j 4.191 1.74| i.27| 0.19|0.0| 3.581 0.27| U.92| 0.u6|0.05| 0.06(0.011 
TOTAL CATION TOTAL AM DN+SULF AT t ( A) TOTAL AMGN+SULFATi^ ( B} TOTAL EPM SULPATc(d) 
EPH 11.10 4.02 4.67 15.77 
TCTAL DISSOLVED SOLIDS TuTAL HARDNESS CARBONATE HARDNESS NDN-CARBONATT HARDNESS 
PPM 187.6 2S8. 298. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIcLL) TEMP 
26c. 7.5 7.6 49.4 
* * * * * * *  S A M P L E  N U M B E R  6 - 1 8  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(S) CL F Nil PHOS 
PPMl 10.012.201 103.i 31.71 22.511i.OCI 0.0 I 257.41 53.01 10.4| 0.50(0.97 1 1.41710.140 
EPMl1.43(0.081 5.151 2.6l| 0.y8| 0.33|0.0| 4.22( 0.tS| 0.22 I 0.01|0.05 I 0.0210.004 
TUTAL CATION TOTAL ANIuN+SULFATE(A} TOTAL ANICN+SULFATt(B) TOTAL EPM SULFATt(b) 
EPM 10.57 5.00 4.53 15.10 
TCTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NuN-CARBGNÂTE HARDNESS 
PPM 225.4 390. 390. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
322. 7.2 7.3 46.1 
* * * * 4= * * SAMPLc NUMBER 6—19 * * ^ '(r 4= ^ 
SI FE CA KG NA K CO HCL SuL(A) SUL(b) CL F NIT PHCS 
PPMl10.014.001 92.1 53.61 53.3)21.bC|0.01219.6| 190.01 13.3 1 3.00|1.90|17.493| 0.0 
EPMI1.4310.141 4.591 4.421 2.321 0.56(0.01 3.60| 3.961 0.231 0.141O.lOl 0.231 0.0 
TOTAL CATION TUTAL ANI 0.\+SULF ATE { A ) TOTAL ANICN+SULFAT E ( 8 ) TOTAL EPH SULFATE(O) 
EPM 13.46 8.00 4.40 17.86 
TUTAL DISSOLVED SOLIDS TUTAL HARDNESS CARBONATE HARDNESS NCN-tARBONATE HARDNESS 
PPM 296.1 454. 360. 94. 
SPECIFIC CCNDUCTANCE FIELD PH LAB PH FIELD TEMP 
423. 7.5 7.6 49.9 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  6 - 2 L S H  * * * * * * *  
SI Ft CA MG NA K CU HCQ SULCA) SUL(B) CL F NIT PHCS 
PPM129.010.20 I 156.1 33.91 23.5110.00 Iû.01205.U| 100.Oj 87.9|50.00|0.58j 140.8 | 0.0 
EPM14.14IO.Oli 7.861 J.201 1.G21 0.26l0.0l 3.36 1 2.081 1.83| 1.4110.031 2.29| 0.0 
TOTAL CATION TOTAL ANlOM+SULFATt(A) TOTAL AN!uN+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 16.49 9.17 3.92 25.41 
TOTAL DlàSOLVcu SuLIÙS TOTAL HARDNESS CARttQiNATt HARDNESS NGN-CAR80NAT E HARDNESS 
PPM 333.9 556. 336. 220. 
SFfcCIFlC CONDUCTANCE FIELD PH LAB ?H FIELD TEMP 
477. 7.0 7.2 51.3 
* * * * * -1-- * SANPLc NUMBER 6-21 DP ******* 
SI Ft CA MG NA K CO HCG SUL(A) SULIB) CL F NIT PHGS 
PPM|27.0|6.U0| 93.1 25.91 53.01 9.9010.01284.31 21.Ol 913.11 1. 001 0. 75 1 15. 943 11. 020 
EPM13.8610.211 4.671 2.131 2.311 0.25|0.0| 4.66 1 0.44| 2.041 0.0310.04| 0.2610.032 
TOTAL CATION TOTAL ANluK+SULFAT£(A) TOTAL ANIuN+5ULFATE(G) TOTAL EPM SOLFATE(U) 
EPM 13.63 5.45 7.0a 20.69 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 243.5 352. 352. 0. 
SFtzCJ.FIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
355. 7.6 7.6 47.3 
* * * * * * *  S A M P L E  N U M B E R  6 - 3 2  * * * * * * *  
SI Ft CA M G NA K CO HCO SUL(A) SUL(ii) CL F NIT PHCS 
PPM126.014.001 >2.1 31.71 15.31 4.2C10.01244.01 9.C| 22.41 0.5010.45| 0.97410.250 
ËPM14.0010.141 4.591 2.611 0.671 0.1i|D.0| 4.001 0.191 0.47 1 0.0110.02} 0.0210.008 
TOTAL CATION TOTAL AN ION+SULFATE(A) TOTAL ANION+SULFATE(6) lUTAL EPM SULFATECB) 
EPM 12.11 4.25 4.53 16.64 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS N0N-CAR8ONATE HARDNESS 
PPM 144.2 362. 362. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
206. 7.4 7.6 48.2 
rtATcR ANALYSIS 
* * * * * * *  S A M P L E  NUMBER 6-4BGR ******* 
SI Ftz CA M G NA K CO HCu SUL(A) SUL(B) CL F KIT PHUS 
PPMl27.012.701 92.1 36.U) 24.31 9.5C|0.0|270.S| 12.01 17o.O! 0.5010.43| 0.841|0.i20 
EPMl3,86l0.10i 4.591 2.961 1-061 0.2410.0| 4.441 0.251 3.6oi 0.0110.021 0.0110.004 
TOTAL CATION TOTAL AM UN+SULF ATEl A) TOTAL ANlLN+SULF AT E ( o) TOTAL LPM 5ULFATc(B> 
EPM 12.81 4.74 8.16 20.96 
TOTAL DISSULVEU SOLIDS TOTAL HARDNESS CARBONATE HAKDNCSS .MON-CARBGNATE HAKDNEbS 
PPM 155.4 380. 380. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAd PH FIELJ TEMP 
222. 7.6 7.0 47.% 
* * * * * * *  S A M P L E  N U M B E R  6 - 4 8 R K  * * * * * * *  
SI FE CA m NA K CO HCU SUL(A) SUL(BJ CL F NIT PHOS 
PPMl 18.01 3.701 62.1 38.4 1 63.11 9. 50 10. 01 ZoS. 4 1 46.01 1:3.41 1. 501 0.45 1 1.37310.130 
EPMl2.57lO.i3i 3.111 3.161 2.741 0.24|U.0| 4.401 0.961 0.361 0.0410.021 O.G2|0.004 
TOTAL CATION TL.TAL ANI GK+SULF ATE I A) TOTAL AN ICN+SOLFAT c ( B ) TOTAL EPM SULFATE(B) 
EPM 11.96 5.45 4.67 16.64 
TOTAL UISSOLVEO SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 158.9 316. 316. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FItLu TEMP 
227. 7.7 7.6 46.7 
* * * * * * *  S A M P L E  K U K B E R  6 - 5 I  * * * * * * *  
SI FE CA re NA K CO HCO SUL(A) SUL(B) CL F NIT PHCS 
PPMl27.014.201 141.1 52.31 77.71 7.0010.01335.5 I 220.01 32.I| 0.5010.62| 2.43610.110 
EPK|3.8610.151 7.031 4.301 3.3o| 0.18|0.0| 5.501 4.581 0.671 0.0110.031 0.0410.003 
TOTAL CATION TOTAL ANION+SULFATE{A) TOTAL ANIUN+SULFATLIB) TOTAL EPM SULFATElà) 
EPM 18.90 10.17 6.2c 25.15 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CAKBLNATC hARUhcSS NON-CARBONATE HARDNESS 
PPM 239.4 570. 550. 20. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
342. 7.2 7.5 47.o 
wATtR ANALYSIS 
* * * 
SI F E  
PPMUi.0iii.70i 
EPMl3.00(0.131 
TOTAL CATIÛN 
tPM 12.53 
* * * SAMPLE NUMbCH 6-73 
CA MG NA K CJ hCO SUL(A) SUL(C) 
92.1 29.81 51.51 4-50}U.01293.9| 13.0| 9.2l 
4.591 2.451 2.241 0.12|0.0l 4.901 0.371 0.191 
TuTfL ANION+SULfATE{A) TOTAL ANIGN+SULFATE(B) 
5.38 5.20 
CL F 
1.5010.501 
U.04 I 0.03 I 
TOTAL ËPM 
: * * * 
NIT PHCS 
2.39110.120 
0.0410.004 
SULFATE IB) 
17.73 
TOTAL UISSCLVEC SGLIÛS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 165.9 354. 354. 0. 
SPECIFIC CONDUCTANCE FIELD Ph LAB PH FIELD TEMP 
237. 7.2 7.3 47.3 
* * * * * * *  S A M P L E  N U M B E R  6 - 7 8  * * * * * * *  
SI fc CA HG NA K CG HCG SUL(A) SUL(B) CL F NIT PHCS 
PPM|21.C13.00| 116.1 33.41 30.81 3.50 10.0j2V2.b1 43.01 45.71 0.50|0.65| 1.771(0.110 
EPMl3-00lu.ill 5.791 5.161 1.341 O.OSiO.Ol 4.oO| 0.901 0.931 0.0110.031 0.0310.003 
TOTAL CATIL,\ TOTAL AMI ON+SUL F AT E ( A ) TOTAL ANIGN+SULFATE ( B) TOTAL EPM SULFATt(ù) 
fcPM 13.43 5.77 S.d3 19.31 
TOTAL uISSOLVED SULIDS TOTAL HARDNESS CARBLMATE HARDNESS NCN -CARBONATc HARDNESS 
PPM 169.4 450. 450. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
242. 7.2 7.3 42.5 
SAMPLE NUMUcR 6-79 * * 
SI Fb CA MG NA K CU MCL 
PPMl27.0l2.10i d.i.i 49.01 41.0 1 5.5010.01258.61 
EPM13.8610.031 4.15 1 4.031 1.781 0.14lÛ.0l 4.241 1.671 0.14| 
TOTAL CATION TCTAL AlMI DN+SULF AT £ I A ) TOTAL AÎ^ICM+SULFATE ( b) 
EPM 14.03 5.97 4.44 
SUL(A) SUL(B) CL F NIT PHCS 
80.01 6.71 0.5010.401 1.5^010.IfcO 
0.0110.021 0.0310.005 
TOTAL EPM SULFATE IS) 
18.48 
TOTAL QISSuLVEO SuLIOS TOTAL HAkJNCSS CARbCNATE HARDNESS NGN-CARBONATE HARGNES: 
PPM 187.0 412, 412. 0. 
SPECIFIC CCNDUCTANCE FIELD PH LAB PH FIELD TEMP 
268. 7.5 7.5 45.8 
WATcR ANALYSIS 
* * * * * * *  S A M P L i i  N U M B t R  6 - 4 7 2  * * * * * * *  
SI tt CA M6 ÎMA K CO HCO SUL(A) SUL(B) CL F NIT PHuS 
PPiMl 13.G| 0.921 74.1 38.4 | 9. 7 | 9. OC 1 0. 0 | 214. 7 | 16.0| 10.9 | 2.50tl.33l 4.694)0.570 
EP«1 l.aol O.O:^ i 3.711 3.161 0.421 0.2310.U| 3.521 0.37} 0.231 0.0710.071 0.08)0.018 
TOTAL CATIuN TOTAL ANl ON+SULF AT t ( A J TOTAL Ah ION+SULFAT EI e J TOTAL EPM SULFAT'clB) 
EPK 9.41 4.13 3.98 13.39 
TOTAL DISSCLVïiD SULIUS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 191.1 346. 34o. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
273.  7 .5  7.6 52.2 
* * * * * * *  S A M P L E  N U I M B E R  6-478(5-137) ******* 
SI FE CA KG NA K CO HCO SUL(A)  SULCB) CL F NIT PHOS 
PPM|17.5l3.8u| 9c.I 43.41 53.71 6.4G|0.0|302.o| dO.OJ 21.61 1.0013.501 0.73110.030 
EPK|z.30|0.14|  4.^11 3.571 2.341 0.1610.0) 4.96)  1.041 0.45| 0.0310.451 0.01)0.003 
TOTAL CATIÛh TUTAL ANI GN+SULFATE( A) TOTAL AM LiN+SULFAT E ( 8 ) TOTAL EPM SULFATE(B) 
EPM 13.62 6.49 5.90 19.52 
TOTAL DISSGLVEL SOLIDS TOTAL HARDNESS CARBONATc HARDNESS NON-CARGONATE HARONESS 
PPM 283.5 427. 427. 0. 
SPECIFIC CONDUCTANCE FIELD PH LA3 PH FIELD TEMP 
403. 7.6 7.U 43.6 
* * * * * * *  S A M P L E  N U M B E R  6 - 4 8 0  * * * * * * *  
SI Fc CA MO NA K CO HCO SUL(A) SUL(-3) CL F NIT PHOS 
PPM)21.011.101 62.1 24.51 23.5 I 5.5C|0.01195.21 7.0) 16.9) 0.50)0.821 2.74610.330 
EPMl3.0010.041 3.111 2.Gil 1.261 0.14l0.Cl 3.20| 0.151 0.35 | 0.01)0.041 0.0410.010 
TuTAL CATION TLTAL ANION+SULFATE(A) TOTAL AMÙN+SULFATEtB) TOTAL EPM SULFATE(bl 
EPM 9.56 3.46 3.66 13.23 
TOTAL ÛISSCLVLÙ SuLICS TOTAL HARDNESS CARBONATE HARDNESS NUN-CARâONATÉ HARDNESS 
PPM 175.0 258. 256. 0. 
SPtCIFIC CONDUCTANCE FIELO PH LAB PH FIELD TEMP 
250. 7.6 7.6 50.0 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  6 - 7 2 3 ( 5 - 4 7 )  * * * * * * *  
SI FE CA MG NA K CO HCG SUL(A) SUL(B) CL F NIT PHOS 
PPMl 2.418.301 199.1 70 .6 1 142.0 I 26. OOj 0. 01 153. 71 64G.0i 137. G | lÎJ. CO | 0.90 | 2.4361 
LPMl 0.3410.321 9.94| ti.SOj 6.18| 0.67|C.0| 2.521 13.321 2.851 0.4210.051 0.041 
TOTAL CATION TOTAL AN ION+SULFATE( A) TOTAL AN! 0N+SULFA T£ ( 6i TLTAL EPM SULFATE(li) 
EPM 23.24 16.35 5.88 29.12 
TOTAL DISSOLVED SULIuS TOTAL HARDNESS CAKBCNATE HARDNESS NCN-CARBCNATL HARDNESS 
PPM 45).4 792. 252. 540. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
652 .  7.6 7.ii 51 .6  
* * * * * * *  S A M P L E  NUMBER 115 ******* 
SI Ft CA MG NA K CO HCO SULtA) SULlB) CL F NIT PHOS 
HPMl 9.010.601 55.1 2C.ÔI 30.71 7.CG10.01169.6| 5.0) 26.41 1.0010.871 0.93014.460 
EPMl1.2910.021 2.751 1.701 1.341 0.18)0.01 2.781 0.10| 0.551 0.C3|0.05l 0.0210.141 
TOTAL CATION TOTAL ANluN+SuLFATE(A) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE!P) 
ËPH 7.27 3.11 3.56 10.63 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CAKWONATE HARDNESS 
PPM 153.3 224. 224. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELU TEMP 
219. 7.6 7.6 46.5 
* * * * * * *  S A M P L E  N U M B E R  1 3 8  * * * * * * *  
SI FE CA MG NA K CO HCG SUL(A) SUL(8) CL F NIT PHOS 
FPMl 14.01 i.U5| 88.1 32.91 18.91 9. OC1 0.0 1 235. 5 1 23.01 59.21 1.00|1.10l 0.t.64ll.640 
EPMl2.0Cl0.04l 4.391 2.701 0.821 0.23l0.0| 3.861 0.461 1.231 0.03|0.06( 0 .C1 |0 .058  
TOTAL CATION TOTAL ANIGN+SULFATS{A) TOTAL ANICN+SULFATE(o) TOTAL EPM SULFATE(b) 
EPM 10.19 4.49 5.25 15.43 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NOisi-CAP.3ÛNATE HARDNESS 
PPM 142.8 357. 357. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TtHP 
204. 7.0 7.3 49.0 
W À T t U  A N A L Y S I S  
* * * * * * *  S A M P L E  N U M b c R  4 1 7  * * * * * * *  
SI f-t CA i-iG NA K CO HCU SULCA) SUL(U) CL F MT PHGS 
PPMll7.CU.00j 93.1 36.51 7.ii 4.5C|0.0|204.31 b7.0| 21.7| 1.00|0.70| 1.151|0.210 
EPM|2.43|U.04| 4-c3| 3,00| 0.3il 0.12|0.0l 3.35) I.IS) 0.45| 0.03|0.04l 0.02(0.007 
TOTAL CATION TOTAL ANICN+SULr AT E( A ) TOTAL AN IGN+SULFAT E ( ti ) TOTAL EPM SULFATECB) 
EPM 10.52 4.63 3.89 14,41 
TOTAL DISSOLVED SCLICS TOTAL HARDNESS CARBONATE HARDNESS NCN-CARbONATfc HAKDNOSS 
PPM 179.2 384. 335. 49. 
SPECIFIC CONDUCTANCE FIELD PH LAB ?H FIELD ÏEMP 
2bo. 7.1 7.4 47 .8  
* * * * * * *  S A M P L E  N U M B E R  4 2 4  * * * * * * *  
SI F£ CA HG NA K CO HCQ SUL(A) SUL(U) CL F NIT PHOS 
PPMl 15.010.521 98.1 33.6135.4 | 6.5 l0.0|273.2| 4.û| 26.8 , 1.00|0.55| 5.72 | 0.200 
kPMj 2.141 0.02) 4.•all 2.76} 1.56 | 0.19310.01 4.bol O.Cfcl 0.538 | 0.03!0.03l 0.114 | 0..006 
TOTAL CATION TOTAL ANI UiM+SULFATE ( A ) TOTAL AN lON + SULf ATE( B ) TOTAL EPM SULFATt(3) 
EPM 9.63 4.70 4.62 14.45 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CAK3UNATE HAkONESS NON-CARBONATE HARDNESS 
PPM 336. 3 36. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
7.4 7.6  50.8 
* , * * * * * *  S A M P L E  N U M B E R  4 b 7  * * * * * * *  
SI F£ CA y,G WA K CO HOC SULIA) SULlii) CL F MT PHOS 
PPMl 7.814.001 102.I 54.21 23.oll1.7010.01242.Ôj 20.Oj 20.4| 2.b0|l.80| 1.749|0.020 
EPMl1.1110.141 5.071 4.46) l.il| 0.3ClG.0| 3.98| 0.421 0.42| 0.0710.091 0.03|0.001 
TOTAL CATION TOTAL ANIUN+SULFATE(A) TOTAL ANI0N+SULFATE(3) TOTAL EPM SULFATEIb) 
EPM 12.20 4.59 4.60 16.80 
TOTAL DISSOLVED SOLUS TOTAL HARDNESS CARÔONATE HARDNESS NON-CARBONATE HAKDNtSS 
PPM 282.1 400. 398. 82. 
SPECIFIC. CONDUCTANCE FIELU PH LAB Ph FIELD TEMP 
403. 7.5 7.3 52.6 
KATER ANALYSIS 
* * * ? * * *  S A M P L L "  N U i M o i U  - t o d  4 =  f  f  v  4 ^  v  
SI F2 CA f'G NA K CO HCL SUL(A) SUL(d) CL P Ni T PHGS 
PPM|46.0|3.C0|  62. I 25.5j 31. 0 110. OC j U. 0 U4/ .  b 1 8.u| i7. 9 j  l . u O | d . O O |  0.96510.475 
t P M j ô .5710.131 4.111 ^ .131 1.351 0.26)0.01 3.9oj 0.17|  G.37| U.03|0.42|  G.G210.U15 
TOTAL CATION luTAL ANION+SliLFATt C A) TUTAL AMGN+SULFATC( li) TOTAL EPM SULFATE(S) 
EPM 14.55 4.63 4.H3 19.38 
TOTAL UIoSCLVtu SOLIDS TUTAL HARDNESS CARôUNATL HARDNkSS SSiOM-CAKSONATt HARDNESS 
PPM 217.7 314. 314. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH RLF.LO TEMP 
311. 7.1 7.4 4^.5 
* * * * * $ *  S A M P L E  N U M o E H  4 / 3  * * * * * * *  
SI Ft CA KG MA K CO HCG SUL(A) SUL(d) CL r NIT PHuS 
PPM I 31.0(2.70) 62.1 34. i| 4ti. 3 110. OC | 0. 01 2o9 .t> I 23.01 20.5 | O.US|J.G9| 2.0811 0.120 
EPM|4.43}G.lUl 4.111 2.301 2.101 0.26)0.01 4.42| 0.4k| 0.43| 0.00|0.04| 0.03)0.004 
TOTAL CATIUK TuTAL ANl GN+SULF AT£( A) TUTAL AN i Gk+SULFATG ( ti ) TuTAL EPM SULFATtdiJ 
EPM 13.80 4.90 4.vj 16.73 
TOTAL DISSOLVED SLLIOS TOTAL HARDNESS CARBONATE HAKUNESS NLN-CAAbONATE HARDNESS 
PPM 207.9 343. 348. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAb PF FIELG TEMP 
2'i7, 7.4 7.6 46.c 
WATER ANALYSIS 
* * * * * * *  
SI FE CA MG 
PPMU3.0I0.26I 88.1 32.0| 
EPMll.8610.Oil 4.391 2.631 
SAMPLE NUMBER 409 
NA K CO HCD SUL(A) SULIB) 
I 10.01459.01 I 19.01 
1 10.01 7.521 I 0.401 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANION+SULFATE(B) 
EPM 8.89 7.62 8.02 
* * * * * * *  
CL F NIT PHDS 
11.801 0.4001 
10.091 0.011 
TOTAL EPM SULFATE(B) 
16.91 
TOTAL DISOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 490.0 352. 352. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
700. 7.5 
* * * * * * *  S A M P L E  N U M B E R  4 7 7  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) 
PPMI17.0I3.20I 64.1 21.01 43.01 5.801O.Ol415.0| 1 14.01 
EPMU.4310.Ill 3.191 1.731 1.871 0.1510.Ol 6.801 I 0.29| 
TOTAL CATION TOTAL ANION+SULFATECA) TOTAL ANION+SULFATE(B> 
EPM 9.48 6.84 7.13 
* * * * * * *  
CL F NIT PHOS 
10.551 0.4001 
10.031 O.Oll 
TOTAL EPM SULFATE!B) 
16.61 
TOTAL DISOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 539.0 248. 248. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
770. 7.5 
* * * * * * *  S A M P L E  N U M B E R  4 7 8  
SI FE CA MG NA K CO HCO SUL(A) SUL(8) 
PPM134.013.301 85.1 33.01 50.01 6.6010.0|560.0| 1 19.01 
EPMl4.86lO.121 4.241 2.71| 2.171 0.1710.01 9.181 i 0.401 
TOTAL CATION TOTAL ANION+SULFATECA) TOTAL ANION+SULFATE(B) 
EPM 14.27 9.22 9.61 
* * * * 
CL F 
10.551 
10.031 
* * * 
NIT PHOS 
0.5001 
0.011 
TOTAL EPM SULFATE(B) 
23.89 
TOTAL DISOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 588.0 348. 348. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
840. 7.6 
WATkR ANALYSIS 
* * * * * * *  S A M P L E  N U M à t K  5 G 2 - A P C Û  * * * * * * *  
SI tt CA MG NA K CO HCU SUL(A) SUL(B)  CL F NIT PHGS 
PPMI32.010.981 86.1 30.0| 36.01 6.9Cl0.G 1483.01 | 29.01 10.401 0.4001 
EPMI4.5710.041 4.29) 2.471 1-571 0.18|0.0| 7.921 1  0.60} 10.02 1  C.01| 
TOTAL CATIUN TOTAL ANIGN+SULfAT £(A) TOTAL ANICH+SULFATE{B) TOTAL EPM SULFATH ( B )  
EPM i3.il 7.94 a.55 21.66 
TOTAL DISSGLVcD SOLIDS TOTAL HARDNESS CAÂBONATE HARDNESS NÛN-0AR8UNATE HARDNESS 
PPM 441.G 340. 340. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
630. 7.0 
* * * * * * *  S A M P L E  N U M B E R  6 0 3 - 0 A K S  * * * * * * *  
SI f c  CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPMI23.011.901 90.1 29.01 24.01 4.20|0.01478.01 j 17.0] |0.45| 0.5001 
EPMl3.2910.071 4.491 2.381 1.C41 0.11)0.01 7.63 1 1 0.35| |0.02i 0.01i 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANIUN+SULFATE(b) TOTAL EPM 3ULFATE{3) 
EPM 11.3d 7.87 a.22 19.60 
TOTAL UISSOLVEO SOLIUS TOTAL HARDNESS CARBONATE HARDNESS NuN-CARSGNATE HARDNESS 
PPM 511.0 344. 344. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
730. 7.3 
* * * * * * *  S A M P L E  N U M Ô E K  5 - 1 1 0  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(B) CL F NIT PHOS 
PPMl ; 1 125.1 57.01 39.01 lO.01329.01 i 433.0 1 0.45 I ] | 
E P M l  I 1  6.241 4.691 3.87| l0.0| 5.391 1  9.021 0.01| | | 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANICN+SULFATE(B) TOTAL EPM SULFATE!2) 
EPM 14.30 5.40 14.42 29.22 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NUN-CARBUNATE HARDNESS 
PPM 547. 329. 218. 
SPECIFIC CONDUCTANCE FIELD PH LAB Ph FIELD TEMP 
7.3 
WATLR ANALYSIS 
* * * * * * *  S A M P L E  N U M B E R  S - i i b  *  *  *  *  *  *  *  
SI F£ CÂ MG NA K CU HCO SUL(A)  SUL(D) CL F NIT PHCS 
PPMl 10.10 1 112.1 41.01 I |0.6|b25.0| | 249.ij 6. UO | U. lOj 10. SCO !  
£PMi IQ.OOL 5.591 3.371 1 |0.0| 8.60) | 5.191 0.1710.011 0.171 
TOTAL CATION TOTAL ANIuN+SULFATt:( A) TOTAL ANIUN+SULFATL ( o ) TOTAL EPH SULfAThtb) 
EPM 8.96 8.97 14.15 23.12 
TOTAL DISSOLVED SOLICS TOTAL HARDNESS CARBONATL HAKDNLSS NON-CAR6UNATt HAKUMbSS 
PPM 449. 449. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB Hh FIELD TEMP 
8.3 
* * * * * * *  S A M P L E  N U M B E R  5 - 1 6 o , ( 1 4 3 )  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SULla) CL F NIT PHCS 
PPM127.016.901 88.1 33.01 27.01 5.2 010 .0 1 i. 10 .0 1 1 17.0| l0.50i C.700| 
EPMI3.8610.251 4.391 2.711 1.171 0.1310.0| o.36| ! 0.351 |0.03| O.Oll 
TOTAL CATICN TOTAL ANIÙN+SOLFATt(A) TOTAL ANIGN+SULFATEtB) TOTAL EPM SULFATc(b) 
EPM 12.52 8.40 8.75 21.27 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CAR8UNATË HARUNtSS NUN-CARBONATE HARDNESS 
PPM 525.0 418. 418. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELU TEMP 
750. 7.1 
* * * * * * *  S A M P L E  N U M B E R  6 - 1 2  * * * * * * *  
SI FE CA MO NA K CO HCO SUL(A) SULlb) CL F NIT PHuS 
PPMl 10.121 71.1 39.01 13.01 2.3010.0|421.01 I 8.31 0.50|2.20| 0.4301 
EPMl 10.001 3.541 3.211 0-571 0.0710.0| 6.901 ! 0.171 0.01|0.i2| O.Oll 
TOTAL CATION TOTAL ANION+SULrATE(A) TOTAL ANIUN+SULFATt{d) TuTAL EPM SULFATE(B) 
EPM 7.39 7.04 7.2i 14.60 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HAKUNESS NON-CARWDKATE HAxCNESS 
PPM 455.0 330. 330. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAS Ph FIELD TEMP 
650. 7.3 
hÂTfcR ANALYSIS 
* * * * * * *  S A M P L E  N U i M b t R  6 - 1 7  * * * * * *  #  
SI FE CA MG NA K CO HCG SUL(A) SULt'o) CL F NI T PHGS 
PPMl 13.501 256.1117.0|149.2|23.0C|0.0|337-Ul 11uaZ.O136.0012-201 0.4J0| 
tPMl lù.13112.771 9 . 6 2 1  6.4S| 0.5910.01 5.521 1 22.53) 1.0710.121 Q.OIj 
TOTAL CATION TuTAL ANIGN+SULF ATci ( A} TOTAL ANION+bOLFATc(8) TOTAL LP M SULFATECB) 
EPM 29.60 6.7Z 29.24 38.84 
TOTAL DISSOLVED SOLIDS TOTAL HAKuNtSS CARBONATE HARDiMtSS NUN-CARDUNATE HARDNESS 
PPM ***** **** 337. 733. 
SPtCIFIC CONDUCTANCE FIELD PH LAB Ph FIELO TEMP 
2330. 7.3 
* * * * * * *  S A M P L E  N U M B E R  6 - 2 2 , - 2 3 S H A L  * * * * * * *  
SI FÊ CA MG NA K CO HCÛ SUL(A) SUL(S) CL F NIT PHOS 
PPMl 10.601 118-1 64.0) 05.0113.0010.01349.01 ) 3 87.Gj10.00|1.901 0.400i 
EPMl 1 0 . 0 2 1  5 . 8 ^ 1  5 . 2 6 1  2 . 8 3 1  C.4 6 1 0 . 0 1  5 . 7 2 1  1  3.0ol 0.2810.101 O-Ol! 
TOTAL CATION TOTAL ANIGN+SULFATE(A) TOTAL ANlON+SULFATt(B) TOTAL EPM SULFATE(O) 
EPM 14.46 6.11 14.17 28.63 
TOTAL DISSOLVEO SÛLIDS TOTAL HARD-MESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 875.0 **** 349. **** 
SPECIFIC CONUOCTANCE FIELO PH LAB PH FIELD TEMP 
1250. 7.3 0.0 54.0 
* * * * * * *  S A M P L E  N U M B E R  6 - 2 2 , - 2 3 D E E P  * * * * * * *  
SI FE CA MG NA K CO HCÛ SOLI A) SOL( rt) CL F NIT PHOS 
PPMl 1 5.801 324.1130.01377.0120.0010.01305.01 11320.0124.00}1.80| 0.400} 
EPMl 10.21116.17114.80}16.40} 0.51|0.0} 5.00} } 27.46| 0.o8}0.09} O.Olj 
TOTAL CATION TOTAL ANIUN+SULFATE(A) TOTAL ANION+SOLFATE(Û) TOTAL EPM SULFATE(b) 
EPM 48.09 5.78 33.26 81.35 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS MuN-CAKBONATE HARDNESS 
PPM ***** 55b. 305. 251. 
SPECIFIC CuNDOCTANCE FIELO PH LAB PH FIELD lEHP 
2420. 7.2 54.0 
WATcR ANALYSIS 
* * * * * * SAMPLb NU.'IBtR 6-2^,-30,-40 ******* 
SI J-£ CA MG HA K CO HCO SUL(A) SULIB) CL F NIT PHliS 
PPMl ll.iOl 51.1 39.01 39.61 4.9C10.014âS'. U1 } 1>.8| 0.50|i.00i 0.4001 
EPMl 10.041 2.541 3.211 1.72| 0.1310.01 7.b2| ) 0.331 0.01|0.05| Q.01| 
TOTAL CATION TOTAL AMI ON+SULF AT 11 A) IUTAL ANICN+SULFATE ( E) TUTAL bPK SULFATtO) 
EPM 7.64 7.60 7.93 lb.56 
TOTAL DISSCLVEO SULIDS TOTAL HARDNESS CARSCNATt HARDNESS NON-CARBONATE HARDNESS 
PPM 492.1 288. 28%. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PK FIELD TEMP 
703. 7.7 55.0 
* * * * * * *  S A M P L E  N U M b t n  6 - 4 3  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(b) CL F NIT PHOS 
PPMl lo.oal 104.1 32.01 13.41 5.50|G.01464.01 1 36.01 6.00l0.30| 0.400| 
EPMl iG.OOl 5.191 2.631 0.58| 0.14|0.0| 7.601 1 0.751 0.17l0.02| O.Oll 
TOTAL CATIUN TOTAL ANION+SULFATc(A) TOTAL AKIQN+SULFATE(B) TOTAL EPM SULFATE(B) 
EPM 8.55 7.80 d.55 17.09 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 515.9 390. 390. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
737. 7.5 
* * * * * * *  S A M P L E  N U M U E R  6-106 ******* 
SI FE CA MG NA K CL HCO SUL(A) SULtb) CL F NIT PHOS 
PPMl l l .oOl WO.I 44.01 33.61 3.6CI 0.01545.0 I  j 7.01 0.50 11.15 1 0.400| 
EPMl IC.061 3.991 3.621 i.46| 0.09l0.0| 8.931 I 0.i5| 0.01|0.061 O.Oll 
TOTAL CATION TOTAL ANI0N+SULFATE(A) TOTAL ANIGN+SULrATE(b) TOTAL EPM SULFATEIS) 
EPM 9.22 9.01 9.16 Id.38 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS N0N -CAK80NATE HARDNESS 
PPM 557.9 380. 360. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAb PH FIELD TEMP 
797. 7.3 
kATER ANALYSIS 
* * * * * * *  S A M P L Î ;  N U M B t R  o ~ 1 0 8 , - I 0 9  * * * * * * *  
SI Fti CA MG NA K CO HCC SUL(A) SULIB) CL F NIT PHuS 
PPMI 10.161 73.1 43.01 31.61 3.60|0.0|>19.Dl : 4.S| Z.50I1.151 0.4001 
EPMl 10.011 3.74! 3.541 1.371 0.0910.01 3.511 ' 0.10) 0.0710.061 G.Oll 
TOTAL CAT lUlM TOTAL ANION+SULFATEC A) TOTAL AM GN+SULFATE ( i31 TOTAL EPM SULFATc(B) 
EPH a.75 8.64 8.7b 17.50 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS C A R B O N A T E  HARDNESS NLN-CAKBONATc HARDNESS 
PPK i>36.2 364. 364. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
766. 7.3 
* * * * * * *  S A M P L E  N U M B E R  6 - 1 1 8  * * * * * * *  
SI Ft CA MG NA K CO HCO SUL(A) SUL(O) CL F NIT PHOS 
PPMl #0.481 69.1 78.01 41.21 3.8010.01476.01 | 41.2 I 0.50ll.3Ul 0.400) 
EPMl 1 0 . 0 2 1  3 . 4 4 1  6 . 4 1 1  1 . 7 9 )  O . l O j O.Ol 7 . 8 0 1  I  0 . 8 6 1  Û.0 1 1 0 . 0 7 1  O.Olj 
TOTAL CATION TOTAL ANION+SULFAT£(A) TOTAL ANIDN+SULFATE(8) TOTAL hPK SULFATE(U) 
ÊPK 11.76 7.8S 6.75 20.51 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE H A R D N E S S  NON - C A R B O N A T E  H A R D N E S S  
PPM 543.9 356. 356. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAG PF FIELD TEMP 
777. 7.3 
* * * * * * *  S A M P L E  N U M B E R  6 - 4 0 2 , - 4 1 0  * * * * * * *  
SI FE CA iMG NA K CC HCO SUL(A) SOL (8) CL F NIT PHOS 
PPMl 11.00) 105.1 37.01 34.41 f0.0)433.0 1 1 121.01 1.50|2.00l 0.5301 
EPMl (0.04 1 5.241 3.041 1.50) |0.0| 7.101 | 2.52| 0.04|0.11i O.Oll 
TOTAL CATION TOTAL ANION+SULFATEt A) TOTAL AM CN+SULFATE ( B) TOTAL EPH SULFATE(3) 
EPM 9.81 7.25 9.77 19.59 
TOTAL DISSOLVED SOLIDS TOTAL H A R D N E S S  CARBONATE HARDNESS NON-CARBONATE H A R D N E S S  
PPM 416. 416. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
7.6 52.5 
WATER ANALYSIS 
* * * * * * *  S A M P L E  N U M Ô E U  c ~ 4 0 < j  
SI F£ oA MG NA K CO HCG SULCAJ SULtB) 
PFMl !2.4U| 130.1 42.Gi 16.8| l0.0|407.0j | 169.01 
EPMI 10.091 6.491 3.45| 0-73| |0.0| 6,671 I 3.521 
TOTAL CATION TOTAL ANIUN+SULFATElA) TOTAL AMGN+SULFATL(B) 
EPM 10.76 6.93 10.45 
* * * 
CL F 
5.0012.201 
0.1410.121 
TOTAL tP,v 
* * * * 
MT PHCS 
I 
1 
SULFATiE(d) 
21.20 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 503. 407. 96. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
7.2 56.0 
* * * : 
SI F£ 
PPMl ; 0.061 
EPMl 10.001 
TOTAL CATION 
EPM 7.92 
f * * * SAMPLE NUMBER c-473 
CA MG NA K CO HCG SUL(A) SUL(B) 
90.1 34.01 12.11 4.0CI0.01407.01 { 47.1} 
4.491 2.801 0.331 O.lClO.Ul ô.o71 1 0.981 
TOTAL ANICN+SULFATE(A) TOTAL AMGM+SULFATECB) 
6.99 7.97 
* * * % 
CL F 
9.0011.201 
0.2510.061 
TOTAL EPM 
"ir 
NIT 
0.4001 
C. Oil 
SULFATE! 
PHUS 
15.b-» 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARONESS NON-CARBONATE HARDNESS 
PPM 492.8 364. 364. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
704. 7.6 
* * * * * * *  S A M P L k  N U M B E R  6 - 4 7 5  * * * * * * *  
SI F£ CA MG NA K CO HCG SUL(A) SUL(B) CL F NIT PHOS 
PPMl J o .921 140.1 48.01 13.01 4.1010.01450.01 1 167.0130 . 0 0}0.Ô51 2.700i 
EPMI 10.031 6.991 3.95| 0.571 0.10|0.0| 7.381 | 3.4SI 0.85|0.03| 0.041 
TOTAL CATION TOTAL ANION+SULFATË(A) TOTAL ANION+SULFATE{B) TOTAL EPh SULFATE I 3) 
EPM 11.64 8.30 11.78 23.41 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE 
PPM 721.0 547. 450. 97. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
1030. 7.3 50.0 
HARDNESS 
WATtK ANALYSIS 
SI 
PPKl 
EPMl 
TOTAL 
* * * 4 
r-E 
tû.Ucl 
iû.ool 
CATION 
ËPM 11.37 
* » * SAKPLc NUMBLR 6-476 
CA M G NA K CO HCU SUL(A) 
140.1 44.01 14.6| 5.0010.0)420.01 j 
6.9SI 3.621 0.641 0.13|0.Ql 6.8^1 • 
* * * : 
SUL{B) CL f 
171.Oj27.OGlC.gSi 
3.5ol U.7610.041 
PHCS 
TOTAL ANIUN+SULFATE(A) 
7.70 
TOTAL ANIUN+SULFATF.( B)  
11.26 
TOTAL LPM 
NIT 
0 . 4 4 0 1  
0.011 
SULFATb(%) 
Î.Ô3 
TOTAL uISSOLVEO SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HAHLNESS 
PPM 691.6 75. 75. 0. 
SPECIFIC CONDUCTANCE FIELD HH LAB PH FIELD TEMP 
988. 7.3 
* * * * * * *  SAMPLE NUMBER 6-479 * * * * * 
SI FE CA MG NA K CO HCU SUL(A) SUL(B) CL F NIT HHC: 
PPMl i0.12l 84.1 33.01 17.71 2.6010.01459.Ol 1 14.S| 0.50|1.60| 0.400| 
EPMl j o.OOl 4.191 2.711 0.771 0.07l0.0| 7.321 I U.311 0.0l|0.09| 0.01( 
TCTAL CATION TOTAL ANIGN+SULFAT£(A> TOTAL ANION+SULFATEIB) TOTAL EPM SULFATE(B) 
EPM 7 . 7 5  7.64 7.95 r bb 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NCN-CARKONATE HARDNESS 
PPM 481.6 346. 346. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
688. 7.1 50.0 
SI 
PPKl 
EPMl 
TOTAL 
* * * 4 
FE 
13.401 
10.121 
CATION 
* * 
EPM 18.18 
* 
CA 
154.1 
7.681 
SAMPLE NUM3ER 6-675 
MG NA K CO HCO SUL(A) 
84.01 69.6117.2010.01325.01 ; 
6.911 3.031 0.4410.01 5.331 I 
* * * : 
SUL(B) CL F 
600.0110.0011.901 
12.491 0.2!3l0.10l 
PHcS 
TOTAL ANION+SULFATE(A) 
5.71 
TOTAL ANION+SULFATc(cJ) 
18.20 
TOTAL EPM 
: * * 
NIT 
O.lOOl 
o.ool 
SULFATE(Û) 
36.38 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARÛNESS 
PPM ***** 730. 325. 405. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
1550. 7.4 51.0 
WATER ANALYSIS 
PPML 
FCPML 
* * * * * * *  S A M P L E  N U 4 d E A  6 - 6 8 3  *  *  *  ;  
SI Ft CA KG NA K CO HCÙ SUL(A) SUL(B) CL F 
|3.50i 334. 1  106.01 2U4. 5 I  |0.0|249.0| 1  i33i>.9 116. 0Û1 2 . OOl 
10.13116.671 8.721 8.90| |0.0| 4.08) ' 27.811 0.45|0.11| 
* * * 
NIT IrHoS 
2.9001 
0.05 1 
TOTAL CATION TOTAL ANIÛN+SULFATt( A} TOTAL ANILN+SULrATE( B) TuTAL EPF. SULFATctb) 
EPM 34.41 4.68 32.5G 66.90 
TOTAL OISSÛLWÊU SOLIDS TOTAL HARliNifSS CAi<5<jNATt HARDNESS NuN-CAKBGNATE HARDNESS 
PPM 249. **** 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
7.1 53.0 
* * * * * * *  S A M P L E  N U M b E R  C I T Y  C C K P  
SI FE CA MG NA K CO HCD SUL(A) SUL(d) 
PPMl28.013.501 107.1 31.Oj 14.01 4.2C|0.U|i56.0| 120.01 
tPMl4.00|0.30| 5.341 2.55| 0.611 0.11|0.0| 5.831 I 2.501 
TOTAL CATION TOTAL ANI ON+SULF ATE ( A) TOTAL ANIG.M+SULFAT£( 8) 
EPM 12.91 5.0C 8.36 
* * * * * * *  
CL F NIT PHCS 
! 0.301 0.30U1 
1C.C2 1 0. Cll 
TOTAL EPM SULFATE ( 6 )  
21.27 
TOTAL DISSCLVtQ SOLIUS TOTAL HARDNESS CARBONATE HARDNESS NÙN-CA48UNATE HARDNfcSS 
PPM 546.0 3%6. 356. 40. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TtMP 
780. 7.2 
* * * * * * *  SAMPLE NUKUER CITY-4 * * * * * * *  
SI FE 
PPM|27.0|d.00; 
ePM|3.36|0.29| 
TOTAL CATION 
EPM 13.C9 
CA MG NA K CO hCO SUL(A) SUHB) CL F 
102.1 34.01 23.01 2.3C|U.01322.01 | liiO.O | 16.00 1 U.401 
5.091 2.801 l.CCl O.OfclO.Ol 5.20| | 3.121 0.4510.02| 
TOTAL ANION+SULFATE(A) TOTAL ANION+SULFAT£(8) TUTAL EPM 
NIT PHC 
0.4001 
C.Cll 
SULFATE(b) 
5.76 8.88 21.97 
TCTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS N0N-CAk6UNATc HAkDNESS 
PPM 560.C 396. 322. 74. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
800. 7.7 52.0 
bATEK ANALYSIS 
* * * * * * *  S A M P L f c  N U i M B t K  C l T Y - b  »  *  *  *  *  4 -  »  
SI F£ CA MG NA K CO HCU SUL(A) SUL(fa) CL r NIT PHGS 
PPM|25.0|5.30j 116.I 35.01 34.01 2.8010.0|344.01 1 16C.0141.0010.401 0.5001 
EPM13.5710.201 5.79| 2.881 1.48| 0.0710.01 5.641 I 3.331 1.loi 0.021 O.Ûll 
TOTAL CATION TOTAL ANIUN+SULfATE(A) TOTAL ANlON+SOLh ATE {t3> TOTAL &PK SULFATE(B) 
EPH 13.99 6.a2 10.15 24.14 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CAKbONATh HARDNESS 
PPM 630.0 435. 344. 91. 
SPECIFIC CONDUCTANCE FIELD Ph LAB PH FIELD TdMP 
900. 7.4 52.0 
* * * * * * *  S A M P L E  N U M B E R  C I T Y - 6  * * * * * * *  
SI FE CA MO iMA K CD HCG SUL(A) SUL(8) CL F NIT PHOS 
PPMl27.0l6.00l 112. 1  34.01 13.01 2.80|0.Ol349 . 0 1  1  140.0112.0010.351  l.lOOl 
EPMl3.86lO.211 5.591 2.K0| 0.571 0.0710.01 5.721 1  2.911 0.34|0.02l 0.021 
TOTAL CATION TOTAL ANION+SULFATElA) TOTAL ANION+SULFATE(B) TOTAL EPM SULFATE(8) 
EPM 13.09 6.09 9.01 22.10 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NCN-CAKBOKATE HARDNESS 
PPM 546.0 420. 349. 71. 
SPECIFIC CONDUCTANCE FIELD PH LAB Ph FIELD TEMP 
780. 7.4 52.0 
* * * * * * *  S A M P L E :  N U M B E R  C I T Y - 7  * * * * * * *  
SI FE CA MG NA K CO HCU SUL(A) SUL(B) CL F NIT PHOS 
PPKI26.010.081 94.1 26.01 16.01 2.3010.01312.01 { do.0|20.0010.301 0.400| 
EPM|3.7110.001 4.691 2.141 0.701 0.0610.Oj 5.Ill | i.&3| 0.56l0.02| O.Clj 
TOTAL CATION TOTAL ANION+SULFATE(A) TOTAL ANIGN+SULFATEIb) TOTAL EPM SULFATEld) 
EPM 11.30 5.70 7.53 1U.83 
TOTAL DISSOLVED SOLIDS TOTAL HAHDNESS CARBONATE HAKDNtSS NON-CARBONATE HARDNESS 
PPM 497.0 344. 312. 32. 
SPECIFIC CONDUCTANCE FIELD PH LAB Ph FIELD TEMP 
710. 7.5 53.0 
WATER ANALYSIS 
* * f * * V * SAMPLE NUM6EK CITY-B ******* 
SI FE CA MG NA K CO HCu SUL(A) SULiS) CL F NIT PHGS 
PPM|2#.C| 6.001 93.1 33.01 16.0| 1.4 G| 0.01344.0 I I 6t> .01 13.00 10.20 1 0.300| 
£PM14.0010.291 4.641 2.711 0.70| 0.0410.01 5.641 I 1.79 1 0.3710.Oil O.Oll 
TOTAL CATION TOTAL ANIUN+SULFATEIA) TOTAL ANIGN+SULFATE ( B) TOTAL HP M SULFAT£<-j) 
EPM 12.37 6.02 7.31 20.19 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATc HARDNESS NOisi-CARBONATE HARDNESS 
PPM 504.C 368. 344. 24. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
720. 7.4 53.0 
* * * V * * * SAMPLE- NUMBER CI TY-9 ******* 
SI Fc CA MG NA K CO HCU SULIA) SULIB) CL F NIT FHÛS 
PPMl26.0l0.06l 116.1 35.01 9.31 2.0010.01365.0 I  I  120.0|13.0010.301 0.5001 
EPMI3.711O.OCl 5.791 2.881 0.43| 0.05|0.0l 5.931 1 2.501 0.37*0.02 I  O.Oll 
TOTAL CATION TOTAL ANICN+SULFATE(A) TOTAL ANIOW+SULFATE(6) TOTAL EPM SULFATE(B) 
EPM 12.86 6.37 S.t7 21.73 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NGN-CARBONATt HARDNESS 
PPM 567.0 430. 365. 65. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
810. 7.4 53.0 
* * * * * * *  S A M P L E  N U M B E R  C I T Y - 1 0  * * * * * * *  
SI FE CA KG NA K CO HCO SUL(A) SUL(B) CL F Nil PHCS 
PPMl26.015.701 101.I 34.01 12.01 2.ÛGlO.01367.01 | 38.0114.00 I 0.351 0.500| 
EPMI3.7110.201 5.041 2.80| 0.52| 0.05|0.0l 6.021 I  1.831 0.39l0.02| O.Oll 
TOTAL CATION TOTAL ANION+SULFAIE(Ai TOTAL ANI0N+SULFATE(8) TOTAL EPM SULFATE(B) 
EPM 12.33 6.44 8.27 20.60 
TOTAL OISSGLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NUN-CARBONATE HARDNESS 
PPM 525.0 392. 367. 25. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
750. 7.4 53.0 
WATtK ANALYSIS 
* * * * * * *  S A M P L E  N U M 6 C R  K A M R A X  
SI Fe CA MG NA K CO HCL SUL(A) SUL ( B )  
PPMl 12.601 62.1 39.01 51.01 4,.2010.01481.01 I 2b.31 
EPMI lO.OSl 3.C5I 3.211 2.221 O.lllU.Ol 7.801 ! 0.531 
TOTAL CATION TOTAL AN IOiM+SULFATE( A) TOTAL Ai\IUN+SULFATE( 6 )  
EPM 8.72 7.97 8.50 
* * * :< 
CL F 
1 . 0 0 ) 1 . 0 0 1  
0.031U.051 
TOTAL EPK 
PHGS 
* * $ 
NIT 
0.4001 
C.Oll 
SULFATt(e) 
17.22 
TOTAL DISSOLVtD SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NUN-CARBGNATE HARDNESS 
PPM 529.9 314. 314. 0. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
757. 7.4 
SI 
PPMl 
EPM I 
TOTAL 
* * * ^  
FE 
15.101 
10.18 1 
CATION 
: * * * SAMPLE NUMBER STRAT-UtEP * * * X 
CA MG NA K CO HCO SUL(A) SUL(B) CL F 
93.1 69.01 54.8117.8C|0.01220.01 | 427.0110,50 12.00 I 
4.641 5.671 2.381 0.4610.01 :->.61j 1 8.891 0.3010.Ill 
TOTAL ANION+SULFATE(A) TOTAL AMUN+SULFATE(B) TOTAL EPM 
* * * 
NIT PHGS 
O.lOCl 
0.001  
SULFATE*8) 
EPM 
TOTAL 
PPM 
13.34 4-01 12.90 
DISSOLVED 
812.0 
SOLIDS TOTAL HARDNESS CARBONATc HARDNESS 
515. 22C. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH 
1160. 8.1 
26.24 
NON-CARBONATE HARDNESS 
295. 
FItLD TEMP 
35.0 
* * * * * * *  S A M P L E  N U M D E R  S T R A T - 4 9 5 »  * * * * * * *  
SI FE CA MG NA K CO HCO SUL(A) SUL(H) CL F NIT PHuS 
PPMl ) 0.491 117.1 66.01 56.0118.5010.01343.01 | 393.01 8.50 |2.30 1 O.lOOl 
EPMl 10.021 5.841 5.43| 2.441 0.4710.0| 5.621 I 3.loi 0.2410.121 O.GC| 
TOTAL CATION TLTAL ANICN+SULFATEC A) TOTAL ANj[ON+SULFATE ( B) TOTAL EPM SULFATECB) 
EPM 14.19 5.9a 14.17 2d.3o 
TOTAL DISSOLVED SOLIDS TOTAL HARDNESS CARBONATE HARDNESS NON-CARBONATE HARDNESS 
PPM 863.0 566. 343. 223. 
SPECIFIC CONDUCTANCE FIELD PH LAB PH FIELD TEMP 
1240. 7., , 5 . 0  
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XVI. APPENDIX J: REGOLITH SEQUENCE 
359 
Regolith Sequence 
3-36 till, brn. oxidized (5) - sand & gravel (55) 
3-38 till, yel. oxidized (10) - till, gry. unoxidized (20) - sand 
(20) + 
3-39 Soil (5) - till, gry. unoxidized (40) + 
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Soil (5) - till, yel. oxidized (60) - sand (2) - till, gry. 
unoxidized till, brn. oxidized (110) - till, gry. unoxidized 
(55) - sand (1) - till, gry. unoxidized (30) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(45) - sand (5) - till, yel. oxidized (20) - till, gry. un­
oxidized (35) - gravel (2) - till, gry. unoxidized (50) -
gravel (5) - till, gry. unoxidized (10) - sand (20) + 
Soil (5) - till, yel. oxidized (30) - till, gry. unoxidized 
(15) - sand (2) - till, gry. unoxidized (30) - sand (5) -
till, gry. unoxidized (40) - till, yel. oxidized (5) - grav­
el (5) - till, yel. oxidized (5) 
Pit (5) - till, yel. oxidized (15) - till, gry. unoxidized 
(15) - gravel (2) - till, gry. unoxidized (40) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(10) - sand (5) - till, gry. unoxidized (45) - sand (35) 
Pit (10) - till, yel. oxidized (10) - till, gry. unoxidized 
(15) - till, brn. oxidized (15) - till, gry. unoxidized (15) 
- till, gry. unoxidized (30) - gravel (2) - till, gry. un­
oxidized (20) - till, yel. oxidized (30) - till, gry. unox­
idized (82) - gravel (1) - till, gry. unoxidized (95) - sand 
(5) + 
Soil (5) - till, yel. oxidized (10) - sand (2) - till, yel. 
unoxidized (3) - till, gry. unoxidized (90) - sand (5) -
gry. unoxidized till (10) - sand (15) - till, gry. unoxidized 
(40) - sand (5) - till, gry. unoxidized (125) - sand (5) + 
Till, yel. oxidized (20) - till, gry. unoxidized (30) - grav­
el (5) - till, re. unoxidized (10) - sand (5) - till, yel. 
oxidized (5) - till, gry. unoxidized (35) - gravel (5) -
till, gry. unoxidized (5) - sand (5) - till, gry. unoxidized 
(80) - sand (20) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(65) - sand (2) - till, gry. unoxidized (5) - sand (5) -
till, gry. unoxidized (50) - gravel (2) •• till, gry. unoxi­
dized (15) 
Soil (5) - till, yel. oxidized (15) - till, gry. unoxidized 
(60) T sand (2) - till, gry. unoxidized (40) - sand (3) -
till, gry. unoxidized (90) - sand (5) + 
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Soil (5) - till, yel. oxidized (10) - sand (25) - till, gry. 
unoxidized (160) - sand (20) + 
Till, yel. oxidized (10) - till, gry. unoxidized (80) - till 
yel.-bm. oxidized (80) - sand (5) + 
Till, yel. oxidized (70) - till, gry. unoxidized (145) -
sand (5) + 
Soil (5) - till, yel. oxidized (5) - sand (5) - till, gry. 
unoxidized (30) - sand (5) - till, yel. oxidized (10) -
gravel (2) - till, yel. oxidized (10) 
Soil (5) - till, gry. unoxidized (40) - till, gry. unoxidized 
(15) - sand (2) - till, gry. unoxidized (30) - sand (5) -
till, gry. unoxidized (40) - till, yel. oxidized (5) - gra­
vel (5) - till, yel. oxidized (5) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(55) - sand (10) - till, yel. oxidized (20) - sand (5) -
till, gry. unoxidized (95) - gravel (10) + 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(95) - sand (12) - till, gry. unoxidized (40) - sand (5) -
till, gry. unoxidized (5) 
Till, yel. oxidized (5) - sand (5) - till, gry. unoxidized 
(80) - sand (5) - till, gry. unoxidized (10) - gravel (25) -
till, gry. unoxidized (25) - gravel (40) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(65) - sand (5) 
Soil (5) - sand (5) - till, gry. unoxidized (30) - sand & 
gravel (10) - till, gry. unoxidized (5) 
Till, gry. unoxidized (150) - till, yel. oxidized (5) 
Soil (3) - till, yel. oxidized (15) - till, gry. unoxidized 
(95) 
Soil (2) - till, yel. oxidized (10) - till, gry. unoxidized 
(60) - gravel (10) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(45) - sand (10) - till, gry. unoxidized (206) - sand (3) 
Till, yel. oxidized (20) - till, gry. unoxidized (35) - sand 
(10) - till, gry. unoxidized (115) - sand (5) - till, gry. 
unoxidized (60) - sand (5) - till, gry. unoxidized (5) 
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Till, gry. yel. oxidized (10) - till, gry. unoxidized (10) -
till, gry. unoxidized (90) - sand (60) 
Till, gry. unoxidized (5) - till, brn. oxidized (5) - till, 
gry. unoxidized (70) - till, gry. & yel. oxidized (5) - sand 
(60) 
Tillj brn. oxidized (10) - till, gry. unoxidized (30) - till 
brn. oxidized (10) - till, gry. unoxidized (60) 
Till, brn. oxidized (10) - till, gry. unoxidized (15) - sard 
(10) - till, grn. unoxidized (55) - sand (35) 
Till, brn. oxidized (15) - till, gry. unoxidized (5) - sand 
(35) - till, gry. unoxidized (5) - sand (5) - till, gry. 
unoxidized (5) - sand (63) 
Till, brn. oxidized (20) - till, gry. unoxidized (60) - sand 
(55) 
Till, gry. unoxidized (10) - till, bm. oxidized (5) - sand 
(5) - till, gry. unoxidized (10) - sand (2) - till, gry. un­
oxidized (5) - sand (1) - till, gry. unoxidized (20) - sand 
(2) - till, gry. unoxidized (20) 
Till, gry. unoxidized (10) - till, brn. oxidized (10) - sand 
(5) - till, gry. unoxidized (15) - sand (5) - till, gry. un­
oxidized (10) - sand (5) - till, gry. unoxidized (3) - sand 
(50) 
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Soil (5) - silt, yel. - gry. calc. (20) 
Silt & sand (5*) - till, yel. oxidized (unleached) (25') -
sand (30') - till gry. unoxidized (unleached) (60') oxidized 
yel. till (30') - sd. & gry. (5') 
Till, yel. oxidized, unleached (25') - till, gry. unoxidized 
unleached (110') gravel (15) + 
Soil (5) - till, yel. oxidized, unleached (15) - till. ery. 
unoxidized, unleached (70'), gravel (5) till, gry.unoxidized 
unleached (45') sand (5) - till, gry. unoxidized, un­
leached (30) - gravel (25) + 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized, 
unleached (80) - sand (5) - till, gry. unoxidized (70) -
gravel (15) + 
Soil (5) - till, yel. brn. oxidized, leached (20) - till, 
gry. unoxidized, unleached (55') - gravel (10) - till, yel. 
oxidized, unleached (10) till, gry. unoxidized, unleached 
(10) - gravel (15) 
Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (95) - gravel (10) - till, gry. unoxi­
dized, unleached (10) - gravel (15) 
Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (120) 
Soil (3) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (20) - till, yel. oxidized, unleached 
(5) 
Till, yel. oxidized, unleached (10) - till, gry. unoxidized, 
unleached (30) 
Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (30) 
Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (15) - till, yel. oxidized (15) - till 
gry. unoxidized, unleached (55) - gravel (5) - till, yel. 
oxidized, unleached (10) - till, gry. unoxidized, unleached 
(20) - gravel (10) - till, gry. unoxidized (5) - gravel (10) 
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6-15 Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (115) 
6-18 Soil (3) - till, yel. oxidized, unleached (17) - till, gry. 
unoxidized, unleached (90) 
6-19 NS (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (225) 
6-20 Soil (5) - till, gry. unoxidized, unleached (145) - gravel 
(15) + 
6-21 Soil (5) - till, yel. oxidized, unleached (35) - till, gry. 
unoxidized, unleach (40) - gravel (90) + 
6-24 Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (90) 
6-25 Soil (3) - till, yel. oxidized, unleached (12) - till, gry. 
unoxidized, unleached (105) - till, yel. oxidized, unleached 
(55) 
6-26 Soil (5) - till, yel. oxidized, leached (20') - till gry. 
unoxidized, unleached (65) - till, yel. oxidized (45) 
6-27 Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (40') - silt, gry. non-calc. (10) -
till, gry. unoxidized, unleached (30) 
6-31 Soil (5) - silt, yel., calc. (10) - till, yel. oxidized, un­
leached (20) - till, gry. unoxidized, unleached (60) - grav­
el (10) 
6-32 Till, yel. oxidized (10) - till, gry. brn. unoxidized (10) -
gravel (30) - till, gry. unoxidized (50) - gravel (3) + 
6-33 Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (70) - sand (5) - till, gry.unoxidized^ 
. leached (5) - silt, gry. non-calc. (5) 
6-34 Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (110) - silt, yel. calc. (5) - till, 
gry. unoxidized, unleached (5) 
6-37 Till, yel. oxidized, unleached (25) - till, gry. unoxidized, 
unleached (10) - gravel (5) - till, gry. unoxidized (15) -
till, yel. oxidized, unleached (10) 
6-40 Soil (5) - till, yel. oxidized, calc. (5) - till brn.-gry. 
unoxidized, unleached (90) - till, yel. oxidized w/silt (5) 
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Soil (5) - till, yel. oxidized, leached (5) - till, yel. 
oxidized, unleached (20) - till, gry. unoxidized, unleached 
(100) 
Soil (5) - till, yel. oxidized, unleached (20) - till, gry. 
unoxidized, unleached (85) - till, yel. oxidized, unleached 
(5) 
Till, yel. oxidized, unleached (10) - till, gry. unoxidzed, 
unleached (45) - gravel (5) - till, gry. unoxidized (5) -
gravel (20) - till, gry. unoxidized (15) + 
Soil (5) - till, yel. oxidized, unleached (5) - till, gry. 
unoxidized (75) - gravel (30) - till, gry. unoxidized, un­
leached (45) 
Till, yel., oxidized, unleached (20) - till, gr. unoxidized 
unleached (75) - gravel (10) - till, gry. unoxidized, un­
leached (25) - silt, yel. gry. calc. (15) 
Soil (5) - till, yel. oxidized, unleached (5) - till, gry. 
unoxidized, unleached (50) - till, yel. oxidized, unleached 
(5) - till, gry. unoxidized, unleached (5) - till, yel. 
oxidized, unleached (10) 
Soil (5) - till, yel. oxidized, unleached (20) - till, gry. 
unoxidized, unleached (90) 
NS (5) - till, yel. oxidized, unleached (20) - till, gry. 
unoxidized, unleached (120) - till, yel. oxidized, unleached 
(10) 
Soil (5) - till, yel. oxidizied, unleached (15) - till, gry. 
unoxidized, unleached (70) - gravel (30) - till, gry. un­
oxidized, unleached (5) - gravel (30) + 
Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (100) 
BS (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (90) 
Soil (5) - till, gry. unoxidized (95) - till, yel. oxidized, 
leached (10) - till, gry. unoxidized (10) 
Till, yel. buff, oxidized (20) - till, gry. unoxidized (5) -
NS (10) - gravel (10) - till, gry. unoxidized (10) - gravel 
(20) - till, gry. unoxidized (10) 
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Till, yel. oxidized (20) - till, gry. unoxidized (5) - grav­
el (5) - till; gry. unoxidized (20) - till, gry. unoxidized 
& gravel (30) - till, gry. unoxidized (30) - gravel (5) -
till, gry. unoxidized (5) - gravel (5) + 
Till, yel. oxidized, unleached (15) - till, gry. unoxidized, 
unleached (60) - silt, gry. calc. (25) - till, gry. unoxi­
dized (55) 
Till, yel. oxidized, unleached (35) - till, gry. unoxidized, 
unleached (10) - till, yel. oxidized, unleached (5) 
Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (140) - gravel (20) - till, gry. un­
oxidized (5) - gravel (10) 
Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (5) - till, yel. oxidized, unleached 
(25) - till, gry. unoxidized, unleached (15) silt, gry. calc. 
(10) - till, yel. oxidized, leached (25) - silt, gry. calc. 
(10) 
Soil (5) - till, yel. oxidized, leached (10) - till, gry. 
unoxidized (100) - till, yel. oxidized (20) 
Till, yel. buff oxidized (15) - gravel (15) - till, gry. un­
oxidized (20) - sand (10) - till, gry. unoxidized (85) -
gravel (15) 
Soil (5) - till, yel. oxidized, leached (5) - till, yel. 
oxidized, unleached (10) - till, gry. unoxidized, unleached 
(5) - till, yel. oxidized, unleached (5) - till, gry. unoxi­
dized (55) - silt, gry. calc. (15) - till, yel. oxidized, 
leached (5) - till, yel. oxidized, unleached (20) - till, 
gry. unoxidized (10) 
Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (55) - silt, gry. calc. (5) - gravel 
(5) - till, yel. oxidized, unleached (20) - gravel (15) + 
Soil (3) - till, yel. oxidized, unleached (12) - till, gry. 
unoxidized, unleached (65) - till, yel. oxidized, leached 
(10) - till, yel. oxidized, unleached (20) 
Soil (5) - till, yel. buff oxidized (10) - till, gry. unoxi­
dized (110) - till, yel. buff oxidized (10) - till, gry. 
unoxidized (15) 
Soil (10) - loess, yel. calc. (10) - till, gry. unoxidized, 
unleached (10) - till, yel. oxidized, unleached (10) - till, 
gry. unoxidized, unleached (45) - silt, gry. calc. (10) -
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6-70 cont. till, yel. oxidized, unleached (15) - till, gry. unoxidized, 
unleached (5) 
6-71 Loess (5) - till, gry. unoxidized, unleached (90) - gravel 
(10) + 
6-72 Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (120) 
6-73 Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (45) - gravel (10) - till, gry. un­
oxidized (20) - till, yel. oxidized, leached (5) - till, yel. 
oxidized, unleached (25) 
6-75 Till, yel. oxidized, unleached (15) - till, gry. unoxidized, 
unleached (25) - silt, gry. calc. (10) - till, gry. unoxidized 
(65) - till, yel. oxidized, leached (5) - till, yel. 
oxidized, unleached (15) - till, gry. unoxidized (30) - gry. 
(5) 
6-76 Soil (5) - sd, & gravel (10) - till, gry. unoxidized, un­
leached (85) - gravel (15) - till, gry. unoxidized,^pleached 
(5) - sand (5) + 
6-78 Till, yel. oxidized, unleached (15) - till, gry. unoxidized, 
unleached (25) - till, yel. oxidized, unleached (85) - silt, 
gry. calc. (15) 
6-79 Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (80) - gravel (5) 
6-86 Soil (5) - till, gry. unoxidized, unleached (5) - till, yel. 
oxidized (5) - till, gry. unoxidized, unleached (55) - sand 
(15) - till, gry. unoxidized, unleached (90) - gravel (15) + 
6-88 Till, buff yel. oxidized (20) - till, gry. unoxidized (20) -
silt, gry. (20) - till, buff yel. oxidized (10) - sand (10) 
6-89 Soil (5) - till, yel. oxidized, unleached (20) - till, gry. 
unoxidized, unleached (50) - till, yel. oxidized, unleached 
(15) - till, gry. unoxidized (5) - gravel (10) - till, yel. 
oxidized, unleached (10) - till, gry. unoxidized, unleached 
(5) - till, yel. oxidized, unleached (5) 
6-90 Soil (10) - till, yel. oxidized, unleached (10) 
6-91 Till, yel. oxidized (20) - till, gry. unoxidized (65) 
6-95 Soil (5) - till, yel. oxidized, leached (10) - till, gry. 
unoxidized, unleached (75) - till, yel. oxidized, leached 
(5) 
368 
Till, yel. oxidized, unleached (10) - till, gry. unoxidized 
(65) - till, yel. oxidized, leached (10) - till, yel. oxidi­
zed, unleached (25) - till, gry. unoxidized, unleached (35) 
- travel (10) 
Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (45) - gravel (5) - till, gry. unoxi­
dized (5) - till, yel. oxidized, unleached (30) - till, gry. 
unoxidized, unleached (5) 
Till, gry. unoxidized, unleached (40) - sand (5) - till, gry. 
unoxidized, unleached (25) - till, yel. oxidized (10) - till 
gry. unoxidized, unleached (40) 
Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (75) - till, yel. oxidized (5) - till, 
gry. unoxidized (30) - till, yel. oxidized (5) - till, gry. 
unoxidized (5) - gravel (20) 
Soil (5) - loess yel., non-calc. (15) - till, gry. unoxidized 
unleached (30) - gravel (5) - till, gry. unoxidized (20) 
- gravel (5) - till, gry. unoxidized (55) - gravel (15) -
gravel (45) - till, gry. unoxidized, unleached (10) - silt, 
gry. calc. (5) - till, gry. unoxidized, unleached (15) 
Soil (5) - silt, yel. calc. (5) - till, yel. oxidized, un­
leached (15) - till, gry. unoxidized, unleached (60) - till, 
yel. Oxidized, unleached (15) - till, gry. unoxidized, un­
leached (60) - till, yel. oxidized, unleached (15) 
Soil (3) - till, yel. oxidized, unleached (12) - till, gry. 
unoxidized, unleached (40) - gravel (5) - till, gry. unoxi­
dized (40) - gravel (10) - till, gry. unoxidized, unleached 
(15) 
Till, yel. oxidized (20) - till, gry. unoxidized (15) - grav­
el (20) - till, gry. unoxidized (10) - gravel (10) - till, 
gry. unoxidized (15) - till, yel. oxidized (15) - gravel (5) 
- till, gry. unoxidized (40) - gravel (45) 
Soil (5) - till, gry. unoxidized, unleached (45) - sand (35) 
- till, yel. oxidized, unleached (65) 
NS (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (110) - till, yel. oxidized, leached 
(10) 
Till, yel. oxidized, leached (5) - till, yel. oxidized, un­
leached (5) - till, gry. unoxidized, unleached (35) - till, 
yel. oxidized, unleached (5) 
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Till, yel. oxidized, unleached (20) - till, gry. unoxidized, 
unleached (35) - gravel (10) - till, gry. unoxidized, un­
leached (20) - gravel (15) + 
Soil (5) - NS (5) - till, yel. oxidized, unleached (5) -
till, gry. unoxidized, unleached (45) - till, yel. oxidized 
unleached (10) - silt, yel. calc. (10) 
Soil (5) - till, yel. oxidized, unleached (5) - till, gry. 
unoxidized, unleached (10) - gravel (10) - till, gry. un­
oxidized, unleached (5) - till yel. oxidized, unleached 
(5) - till, gry. unoxidized, unleached (5) 
Till, yel. oxidized, leached (10) - till, yel. oxidized, un­
leached (10) - till, gry. unoxidized, unleached (40) - grav­
el (36) + 
Till, yel. oxidized, unleached (5) - gravel (5) - till, gry. 
unoxidized, unleached (10) 
Soil (5) - till, yel. oxidized, leached (5) - till, yel. 
oxidized, unleached (20) - till, gry. unoxidized, unleached 
(90) - till, yel. oxidized, unleached (10) - gravel (5) 
Till, gry. unoxidized, unleached (95) - till, yel, oxidized, 
unleached (15) - till, gry. unoxidized, unleached (10) 
Soil (10) - till, yel. oxidized, unleached (20) - till, gry. 
unoxidized, unleached (10) - gravel (20) - till, gry. un­
oxidized (20) - till, yel. oxidized (25) - till, gry. un­
oxidized, unleached (30) - silt, yel. gry. calc. (20) - till 
gry. unoxidized (15) 
Till, yel. oxidized, unleached (10) - till, gry. unoxidized, 
unleached (20) - gravel (30) - till, yel. oxidized,unleachcd 
(10) - gravel (20) - till, gry. unoxidized, unleached 
(60) 
Soil (5) - till, gry. unoxidized, unleached (55) - till, yel. 
oxidized, unleached (70) - sand (20) 
NS (5) - till, yel. oxidized, unleached (15) - till, gry. un­
oxidized, unleached (65) - till, yel. oxidized, unleached 
(30) - till, gry. unoxidized, unleached (5) - silt, gry. 
calc. (5) 
Soil (5) - till, yel. oxidized, unleached (15) - till, gry. 
unoxidized, unleached (120) - sand (5) - till, gry.unoxidized 
(20) - sand (10) 
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Soil (5) - till, yel. oxidized (20) - till gry. unoxidized 
unleached (40) - sand (5) - till, gry. unoxidized (15) -
till, yel. oxidized (10) - gravel (50) 
Sand (5) - till, yel. oxidized (30) - till, gry. unoxidized 
(10) - sand (5) - till, gry, unoxidized (36) - sand (5) -
till, gry. unoxidized (35) - sand (20) + 
Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (20) - silt, yel. calc. (30) 
Till, yel. oxidized, unleached (15) - till, gry. unoxidized, 
unleached (10) - gravel (5) - till, yel. oxidized,unleached 
(15) - till, gry. unoxidized, unleached (70) 
Soil (5) - till, yel. oxidized, unleached (15) - sand (10) -
till, yel. oxidized, unleached (5) - sand (15) - till, yel. 
oxidized, unleached (5) - till, gry. unoxidized, unleached 
(5) - sand (5) - gravel (5) - till, gry. unoxidized,unleached 
(30) 
Till, yel. oxidized, unleached (20) - till, gry. unoxidized, 
unleached (45) - silt (5) - gravel (5) - till, gry .unoxidized 
unleached (35) 
Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (20) - silt, gry. calc. (25) - till, 
yel. oxidized, leached (15) - till, yel. oxidized, unleached 
(30) - till, gry. unoxidized, unleached (15) - silt, gry. 
calc. (5) - till, gry. unoxidized, leached (10) - silt, gry. 
calc. (5) - till, yel. oxidized (10) - gravel (5) 
Soil (5) - till, yel. oxidized (45) - till, gry. buff unoxi­
dized (20) - till, gry. unoxidized (35) - gravel (20) + 
Soil (5) - till, yel. oxidized, unleached (20) - gravel (25) 
- till, gry. unoxidized, unleached (70) - sand (5) + 
Soil (5) - till, yel. oxidized, unleached (10) - silt, gry, 
non-calc. (10) - till, yel. oxidized, leached (20) - till, 
yel. oxidized, unleached (20) - till, gry. unoxidized (45) 
Soil (5) - till, gry. unoxidized, unleached (10) - till, yel. 
oxidized, leached (15) - till, yel. oxidized, unleached (10) 
Soil (5) - till, yel. oxidized, leached (40) - till, gry. 
unoxidized, unleached (10) 
Till, buff oxidized (30) 
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Soil (3) - till, yel. oxidized, unleached (7) - till, gry, 
unoxidized, unleached (100) 
Soil (5) - till, yel. oxidized, unleached (35) - till, gry. 
unoxidized (10) - silt, gry. calc. (15) - till, yel. oxidized 
leached (5) - till, yel. oxidized, unleached (20) - till, 
gry. unoxidized, unleached (15) - gravel (10) + 
Till, yel. oxidized, unleached (10) - till, gry. unoxidized, 
unleached (35) - silt, gry. calc. (40) - gravel (10) - till, 
gry. unoxidized, unleached (5) - till, yel. oxidized, leached 
(10) - till, gry. unoxidized, unleached (75) 
Silt (5) - till, yel. oxidized, unleached (35) 
NS (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (70) - gravel (10) + 
Soil (5) - till, yel. oxidized, unleached (5) - till, gry. 
unoxidized, unleached (45) - gravel (5) 
NS (95) - gravel (15) 
Till, yel. oxidized, unleached (20) - till, gry. unoxidized, 
unleached (10) - till, yel. oxidized, unleached (5) 
Till, buff oxidized (30) - till, gry. unoxidized (30) - silt, 
gry. calc. (45) - sand (15) - till, gry. unoxidized (85) -
sand (10) + 
Till, yel. oxidized (20) - till, gry. unoxidized (95) - sand 
(10) - till, gry. unoxidized (85) 
Till, yel. oxidized, unleached (20) - till, gry. unoxidized, 
unleached (45) - till, yel. oxidized, unleached (10) - grav­
el (5) - till, yel. oxidized, unleached (10) 
Till, gry. unoxidized, unleached (10) - till, yel. oxidized, 
unleached (30) - till, yel. oxidized, leached (5) - silt, 
tan calc. (10) - till, yel. oxidized, leached (15) - silt, 
yel. non-calc. (5) - sand (10) 
Soil (5) - till, yel. oxidized, leached (5) - till, yel. 
oxidized, unleached (5) - till, gry. unoxidized, unleached 
(35) - till, yel. oxidized, unleached (50) - till, gry. un­
oxidized (40) - gravel (5) 
Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (30) - till, yel. oxidized, unleached 
(20) - till, gry. unoxidized, unleached (5) 
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Soil (5) - till, yel. oxidized, unleached (10) - till, gry. 
unoxidized, unleached (65) - sand (45) 
Soil (2) - sand (12) - till, yel. oxidized (15) 
Till, yel. oxidized (10) - till, gry. unoxidized (95) 
Till, yel. oxidized, unleached (20) - till, gry. unoxidized, 
unleached (25) - till, yel. oxidized, unleached (35) - till, 
gry. unoxidized, unleached (20) - till, yel. oxidized (5) -
till, gry. unoxidized, unleached (95) - gravel (20) + 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized, 
unleached (85) - till, yel. oxidized, unleached (25) 
Soil (5) - till, yel. oxidized, leached (10) - till, yel. 
oxidized, unleached (35) - till, gry. unoxidized, unleached 
(45) - till, yel. oxidized, unleached (35) - till, gry. un­
oxidized (60) - till, yel. brn. oxidized, unleached (5) -
till, gry. unxodized, unleached (80) 
Till, yel. oxidized (20) - till, gry. unoxidized (125) -
till, yel. oxidized, unleached (60) - till, gry. unoxidized 
(95) - sand (12) - till, gry. unoxidized (45) - gravel (20) + 
Gravel and sand (105) - till, gry. unoxidized (10) - till, 
yel. oxidized, unleached (40) - till, gry. unoxidized (120) -
gravel (10) 
NS (70) - till, gry. unoxidized, unleached (55) 
Till, yel. oxidized (20) - till, gry. unoxidized (85) - sand 
(5) - till, yel. oxidized (20) - till, gry. unoxidized (100) 
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Soil (5) - till, yel. oxidized (5) - sand (20) - till, gry. 
unoxidized (3) - sand (35) - till, gry. unoxidized (5) -
sand (20) - till, gry. unoxidized (50) 
Soil (5) - till, bm. oxidized (10) - till, gry. unoxidized 
(38) - sand (45) - till, gry. unoxidized (5) + 
Soil (5) - till, yel. oxidized (5) - till, gry. unoxidized 
(90) 
Sand (2) - till, br. oxidized (5) - till, gry. unoxidized 
(40) - sand (50) - till, gry. unoxidized (5) - gravel (0) -
till, gry. unoxidized (5) 
Till, yel. oxidized (25) - till, gry. unoxidized (40) - sand 
(70) 
Till, yel. oxidized (15) - till, gry. unoxidized (25) - sand 
(10) - till, gry. unoxidized (10) - silt (35) - sand (20) 
Till, yel. oxidized (20) - till, gry. unoxidized (100) -
gravel (10) - till, gry. unoxidized (100) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(20) - sand (90) 
Soil (5) - till, yel. oxidized (5) - till, gry. unoxidized 
(10) - silt, yel. brn. (45) - till, yel. oxidized (20) -
sand (85) 
Till, tan oxidized (10) - till, gry. unoxidized (65) - sand 
(10) - till, gry. unoxidized (30) - sand (20) - till, gry. 
unoxidized (15) + 
Till, yel. oxidized (10) - sand (15) - till, gry. unoxidized 
(45) - till, yel. oxidized (2) - till, gry. unoxidized (20) -
sand (40) - till, gry. unoxidized (5) + 
Soil (5) - till, gry. unoxidized (10) - till, yel. oxidized 
(10) - till, gry. unoxidized (135) - sand (5) + 
Till, yel. oxidized (20) - till, gry. unoxidized (90) -sand 
(5) + 
Soil (5) - sand (5) - till, yel. oxidized (10) - till, gry. 
unoxidized (30) - sand (5) + 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(35) - gravel (10) - till, gry. unoxidized (40) 
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Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(25) - sand (10) - till, gry. unoxidized (55) - sand (20) -
till, gry. unoxidized (10) - sand (20) - till, gry. unoxidiasd 
(5) 
Soil (5) - till, yel. oxidized (5) - till, gry. unoxidized 
(30) - till, yel. oxidized (25) - till, gry. unoxidized (10) 
+ 
Soil (5) - till, gry. unoxidized (20) - sand (115) + 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(45) - sand (5) + 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(90) 
Soil (5) - till, yel. oxidized (10) till, gry. unoxidized 
(50) - sand (60) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(35) - sand (10) - till, gry. unoxidized (5) - sand (20) + 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(25) - sand (30) - till, gry. unoxidized (5) - sand and grav­
el (70) + 
Soil (5) - till, yel. oxidized (15) - till, gry. unoxidized 
(5) - silt (30) - sand and gravel (60) 
Soil (5) - till, yel. oxidized (15) - till, gry. unoxidized 
(70) - sand (1) + 
Till, brn. oxidized (5) - till, gry. unoxidized (5) - sand 
(20) - till, gry. unoxidized (2) 
Till, brn. oxidized (5) - sand (30) 
Till, brn. oxidized (20) - till, gry. unoxidized (15) - till 
brn. oxidized (15) 
Till, brn. oxidized (15) - till, gry. unoxidized (10) - till, 
brn. oxidized (10) 
Till, yel. oxidized (20) - sand (10) - till, gry. unoxidized 
(120) 
Till, yel. oxidized (10) - till, gry. unoxidized (5) - sand 
(5) - till, yel. oxidized (5) - till, gry. unoxidized (75) 
Soil (5) - till, yel. oxidized (20) - till, gry. unoxidized 
(45) - sand (25) 
Soil (5) - till, yel. oxidized (20) - till, gry. unoxidized 
(50) - sand (20) 
Till, yel. oxidized (20) - till, gry. unoxidized (25) - till, 
yel. oxidized (15) 
Soil (3) - till, buff oxidized (20) - till, gry. unoxidized 
(20) - till, yel. oxidized (5) - till, gry. unoxidized (20) 
- sand (5) - till, gry. unoxidized (5) - sand (30) 
Till, buff oxidized (15) - till, gry. unoxidized (100) -
sand (30) - till, gry. unoxidized (75) 
Soil (5) - till, yel. oxidized (10) - till, gry. unoxidized 
(25) - till, yel. oxidized (30) 
Soil (5) - till, yel. oxidized (15) - till, gry. unoxidized 
(20) 
